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Breeze has the engineering staff, the shop capacity and 
special test equipment to produce hydraulic actuators of 
all types. 
All engineering work, from basic specifications to final 
design for production, can be handled for you. 
High-capacity machine tools provide low unit costs. 
Special tools, such as honing machines, give finishes to 
the exact micro-inches required. 
Breeze has all the test facilities for magnetic inspection, f 


proof and bursting pressure tests, life cycles and other 
A-N standards. 


ANOTHER 


LONG EXPERIENCE by Breeze with all types 
of actuators — rotary or linear, electrical, PRODUCT i 
mechanical and hydraulic—means that your } 
actuators are engineered, produced, tested 
and delivered by a firm of specialists in 

the field. 

If you have actuator problems 


that call for expert attention, HY AU i Cc AC T AT © R 
call on Breeze for production. 


BREEZE CORPORATIONS, INC., 415. Sixth St., Newark, N. J. 
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gives an overall picture of the outdoor exhibits 
at Bolling Air Force Base which were shown to 
the public by the various military services on 
May 17-18, 1952, in celebration of Armed 
Forces Day. 
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PUMP HOURS PER MALFUNCTION 


AERONAUTICAL ENGINEERING REVIEW—AUGUST, 1952 


304,578 
PUMP HOURS 
PER 


MALFUNCTION 


300,000 


JAN. 1951 DEC. 


There can be no question of the reliability and lasting 
qualities of Vickers equipment when it hangs up records like 
this. TWA maintenance records for 1951 indicate only one 
unscheduled removal of a Constellation cabin supercharger 
drive pump in a total of 304,578 pump hours. 
- These TWA Constellations make use of numerous Vickers 
Hydraulic units. Besides variable displacement pumps (for 
main hydraulic system as well as cabin supercharger drive), 
there are hydraulic motors, pressure reducing valves, relief 
valves, unloading valves, and accumulators. 

Vickers Hydraulic Equipment for aircraft is so widely pre- 
ferred because it is compact, efficient, light weight . . . but 
above all dependable. 


Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1414 OAKMAN BLVD. e DETROIT 32, MICH. 


ICKERS 
3000 psi 
VARIABLE DISPLACEMENT 
PUMPS 


ON TWA CONSTELLATION 
CABIN SUPERCHARGER 
DRIVES 


This is the reversible flow pump used in the Constel- 
lation supercharger drive, one of a wide variety of 
variable displacement piston type pumps available 
from Vickers. For further information write for new 
Bulletin A-5203. 
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ILA.S. News 


A Record of People 


Bane and Chanute Awards 


Presented 


The Late Major Patrick L. Kelly, U.S.A.F., and Henry Seeler, 

of the Aero Medical Laboratory, Received The Thurman H. 

Bane Awards; John C. Seal, of Cornell Aeronautical Labo- 

ratory, Given The Octave Chanute Award. Presentations 

of Awards Made at |.A.S. Annual Summer Meeting Dinner 
on July 16 at the Los Angeles Ambassador Hotel 


The Thurman H. Bane Awards 
for 1952 


‘The Thurman H. Bane Award is 
normally presented to an officer or 
civilian of the Air Materiel Command 
for an outstanding achievement in 
aeronautical development. This year, 
however, the achievements of both 
an officer and a civilian of U.S.A.F. ap- 
peared to be of equal merit. It was, 
therefore, decided to give it individ- 
ually to the late Major Patrick L. 
Kelly, U.S.A.F., and to Henry Seeler. 


Major Patrick L. Kelly 


Major Kelly was given the award 
posthumously ‘‘for developing tech- 
niques providing for artificial sta- 
bility and control of aircraft during 
high performance phases of aircraft 
operation.” 
>» Stability and Control Compromise 
Problem—As postwar requirements 
for aircraft performance steadily in- 
creased, Major Kelly noted a trend in 
current aircraft development to effect 
a compromise of both stability and 
control during the high-performance 
phases of aircraft operation. The 
automatic pilot per se, he observed, 
offered only a partial solution to the 
problem in that its augmentation was 
confined to stability. 
>» A Solution Advanced—To provide 
a generalized technique that would 
offer simultaneously a high order of 


stability and a high degree of maneu- 
verability, Major Kelly conceived a 
technique by which stability could be 
introduced by an artificial means that 
would at the same time allow the 
complete utilization of the natural 
maneuverability of the aircraft. This 
was in 1948. He presented his plan 
to his superiors and before long re- 
ceived permission to initiate it as a 
project that was entitled ‘‘Operational 
Evaluation of Improved Flight Path 
Stability and Control” and of which 
he was named Project Leader. 

>» New System Accepted by U.S.A.F. 


A system incorporating a combined 


Patrick L. Kelly 


and Events 
of Interest to Insiitule Members 


control boost and automatic pilot 
was successfully reduced to practice, 
largely through the efforts of Major 
Kelly. It has now been adopted by 
the Air Force for use in another 
U.S.A.F. project and has been in- 
corporated in three separate proposals 
for automatic pilots for development 
by the W.A.D.C. 

The greater stability and maneuver- 
ability for aircraft which has been 
achieved because of this system and 
its adoption by the Air Force is con- 
sidered to be the greatest advance in 
recent years in aircraft control. 


> Personal Background—Major 
Kelly, who was born on January |, 
1922, and was killed in an aircraft 
accident on November 7, 1951, was 
appointed a Second Lieutenant in the 
Reserves in May, 1942. In Novem- 
ber, 1947, he was appointed a First 
Lieutenant in the Regular Air Force 
component and about 3 years later 
was promoted to the grade of Major. 
His research on artificial stability was 
performed during his assignment to 
the All-Weather Flying Division, 
Wright-Patterson Air Force Base, 
Ohio. 


Henry Seeler 


Mr. Seeler was named as the other 
recipient of The Thurman H. Bane 
Award for 1952 “for developing and 
standardizing a resuscitator, capable 
of operating at varying altitudes, for 
use in combat or evacuation aircraft.”’ 
> A Simpler Resuscitator Wanted- 
In the past, what resuscitators were 
available were of a complex design and 
demanded the services of a_ skilled 
technician who had had considerable 
instruction in their proper use. The 
need for a simpler one became a pri 
mary requirement. When, in 1950, 
the Aero Medical Laboratory was 
asked to develop and standardize such 
a resuscitator, one that could produce 
a satisfactory ventilation at altitudes 
as well as at sea level without undue 
complication of design or operating 
procedure, Mr. Seeler was assigned 
to the project. 
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Henry Seeler 


» Such a Unit Developed—The unit 
subsequently developed by Mr. Seeler 
is of a design that can be operated on 
air, oxygen, or a mixture of the two. 
Required gas pressure is sufficiently 
low to permit the use of either com- 
pressed gas cylinders or a small com- 
pact blower type of compressor. The 
resuscitator can be adjusted to pro- 
duce breathing cycles ranging in pres- 
sure extremes from a small negative 
value to positive pressures up to 30 
mm. of mercury. Intermediate ad- 
justments can be made to any desired 
range within these two extremes. 
This new resuscitator is of the pneu- 
matic balance type and is compensated 
for the effect of altitude on the cy 
cling rate, which varied considerably 
with altitude in previous models of 
this type. The only aid received by 
Mr. Seeler while he was developing 
this unit was in the fabrication of some 
parts by the local machine shops. 
This unit has many potential and 
practical uses in both civilian and 
military applications. Several manu- 
facturers of oxygen equipment are 
seeking licenses to produce this re- 
suscitator commercially. 

Personal Background—Mr. Seeler, 
who was born on January 23, 1907, in 
Luebeck, Germany, has been em- 
ployed almost continuously during 
his professional career in the design 
and development of oxygen equip- 
ment. 

In 1934, after approximately 9 
vears in industrial firms dealing in 
oxygen equipment and after receiving 
his engineering degree from the Soci- 
ety of German Engineers, Mr. Seeler 
joined the staff of the German Air 
Force Test Station as an Engineer for 
laboratory work and test flying. He 
remained in this position for 11 years 
and, during that time, had full re- 
sponsibility for the design, develop- 
ment, testing, and standardization of 
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oxygen regulators and oxygen masks 
within the German Air Force. 

Mr. Seeler’s initial employment un 
der the auspices of the U.S. Govern 
ment started at the U.S.A.F.’s Aero 
Medical Center at Heidelberg, Ger 
many. He began as an Engineer work- 
ing on high-altitude oxygen equip 
ment and prepared Chapter V-B in 
Vol. I of ‘German Aviation Medi 
cine, World War II.’’ He was trans 
ferred to the United States proper 
in 1947 and continued in the same line 
of work for the U.S.A.F. Mr. Seeler, 
who has applied for American citizen 
ship, is currently employed by the 
Aero Medical Laboratory, W.A.D.C., 
Wright-Patterson Air Force Base, 
Ohio. 

The Thurman H. Bane Award, 
endowed by Major R. H. Fleet, honors 
the memory of Col. Thurman H. 
Bane, one of the most prominent tech 
nical officers of the U.S. Army Air 
Corps, who died in 1932. 


The Octave Chanute Award 
for 1952 


John Clifford Seal, Chief Research 
Pilot, Flight Research Department, 
Cornell Aeronautical Laboratory, Inc., 
was selected as the recipient for The 
Octave Chanute Award for 1952 ‘‘for 
developing precise piloting techniques 
making possible fundamental research 
in full-scale dynamic stability and con- 
trol, flutter, and structural loads deter- 
mination.”’ 
> Personal Background—Mr. Seal, 
who was born 35 years ago in Minne 
sota, has spent the major portion of 
his life in the western part of New 
York State. In 1942, as an ex- 
Flight Instructor and ex-C.A.A. Flight 
Inspector, Mr. Seal joined Curtiss- 
Wright Corporation as an Experi- 
mental Pilot. After a time, the Cur- 
tiss-Wright Research Laboratory was 
established, and Mr. Seal was named 
its Chief Research Pilot. In 1946, he 
accepted a similar position, the one 
that he now holds, with Cornell Aero 
nautical Laboratory. 

Having logged approximately 3,500 
hours of actual research test flying, 
Mr. Seal has performed research fly- 
ing on more than 50 types of aircraft 
and has flown over 100 different model 
versions of military aircraft. 

p» Test-Flown Aircraft in Predeter- 
mined Conditions—During his years 
with Curtiss-Wright and Cornell Aero- 
nautical Laboratory Flight Research 
Departments, Mr. Seal has demon- 
strated an unerring belief in the abil- 
ity of sound engineering analysis as a 
basis for flight research and a willing- 
ness to explore and exploit new re- 
search areas and techniques in flight 
on the basis of this belief. He has 
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John C. Seal 


been able to produce exactly many 
dificult combinations of flight vari 
ables under severe boundary condi- 
tions, thus permitting the perform 
ance of research programs in régimes, 
or under circumstances, otherwise in 
accessible or unjustifiable to an engi 
neering research organization in terms 
of hazard and economics. 


» Significant Test Flights—Mr. Seal 
has flown innumerable test flights over 
the past years. Perhaps those flights 
that demonstrate most significantly 
Mr. Seal’s ability and accomplish 
ments are in connection with: (1) 
his long series of structural integrity, 
aeroelasticity, and dive demonstra 
tion tests on the Curtiss-Wright SB2C 
series wherein he consistently estab 
lished predetermined test conditions 
under high acceleration with ex 
tremely unstable aircraft of negative 
stick force per g characteristcis; (2) 
the flight flutter program on the 
Chance Vought F4U-5, in which it 
was necessary to cut off the engine, 
feather the propeller, perform the 
test, and restart the engine on each 
flight; (3) the basic dynamic stability 
and control research utilizing special 
ized, automatic control and many 
new and untried techniques which 
extended over a whole series of air 
craft including the B-25, A-26, F-80, 
N9M Flying Wing, ete. and which 
has formed a basis for the extraction 
of basic stability derivatives from the 
full scale; and (4) additional stability 
programs on the F4U-5 involving both 
artificial directional and rolling con 
trol and linear and nonlinear yaw 
dampers. 


The Octave Chanute Award was 
established in 1939 by the Institute 
of the Aeronautical Sciences to honor 
the memory of Octave Chanute, 
pioneer American aeronautical in- 
vestigator, who died in 1910. 
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Third Southeastern Regional 
Conference 


On April 17 through 19, the Georgia 
Institute of Technology was host to 
the students and faculty from the 
University of Florida, Alabama Poly- 
technic Institute, Mississippi State 
College, Virginia Polytechnic Insti- 
tute, Louisiana State University, and 
University of Alabama for the Third 
Southeastern Regional Conference of 
the Student Branches of the Institute 
of the Aeronautical Sciences. 

The first of these conferences was 
inaugurated at the University of 
Alabama in April, 1950. The second 
one was held last year at the Univer- 
sity of Florida. 

Registration for the Third South- 
eastern Regional Conference got un- 
derway the evening of Wednesday, 
April 16, and continued the following 
morning. An informal luncheon at 
which George Kelbert, Chairman of 
the Georgia Tech Student Branch, 
spoke opened the conference proper. 
Papers were delivered by both stu- 
dents and faculty during the technical 
sessions. 

The first technical session of the 
conference was begun at 1:45 p.m 
on April 17 under the chairmanship 
of Mr. Kelbert. The following papers 
were presented: ‘‘A Vortex Meter for 
Flow Studies,” by Richard Palatine 
and Jeffrey S. Deutsch, Virginia 
Polytechnic Institute; ‘Drag Re- 
duction of a Magnus Cylinder,” by 
Glen Nickerson, University of Florida; 
“Structural Aspects of Boundary 
Layer Control by Suction Through 
Perforated Skin,’ by Charles B. 
Cliett, Mississippi State College; and 
“Skin Temperature Problems at Super- 
sonic Flight Speeds,”’ by Bill Schleich, 
Georgia Tech. 

The second technical session began 
at 9:00 a.m. the next day, April 
18, and was presided over by Wesley 
Mann. The following papers were 
presented: ‘Aeronautical Engineer- 
ing Employment Picture,’ by J. W. 
Hoover, University of Florida; ‘‘Fa- 
tigue.of Aircraft Structures,’’ by Rich- 
ard J. Berman, University of Alabama; 
and “Structural Problems in Swept- 
Back Wing Design,’ by George K. 
Williams, Georgia Tech. 

The group then adjourned to Lock- 
heed Aircraft Corporation’s Georgia 
Division at Marietta where they were 
welcomed by D. J. Haughton, Vice- 
President and General Manager, and 
R. W. Middlewood, Chief Engineer. 
Frank Johnson, Assistant Project 
Engineer on B-29 conversion, de- 
livered a lecture on ‘‘Design Com- 
promises.”” A tour of the plant was 
conducted during the afternoon. 

A banquet was held that evening in 
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the Officers’ Club of the Atlanta, 
Ga., Naval Air Station with Donnell 
W. Dutton, Professor and Director, 
Daniel Guggenheim School of Aero- 
nautics, Georgia Tech, presiding. Mr. 
Dutton first introduced the prominent 
guests and then introduced the guest 
speaker, Dr. Ernst Stuhlinger, a 
Scientist, formerly of Germany, who 
is now with the Army Ordnance 
Guided Missiles Development Center 
at Huntsville, Ala. Dr. Stuhlinger 
presented in his address a general 
background of the research done by 
the Germans and later by the United 
States. He then discussed not only 
the possibility but the probability of 
the construction of an earth satellite 
vehicle within the next decade. He 
defined the use of the satellite both 
from the military and scientific stand- 
points. After the banquet, a dance 
was given for the attending members 
and their guests. 

The third and final technical session 
was held at 9:00 a.m. on Saturday 
morning, April 19. Mr. Kelbert pre- 
sided at the session. The following 
papers were presented: ‘‘The Pre- 
diction of Transonic Pressure Dis- 
tribution on Supersonic Two Dimen- 
sional Airfoils,’”’ by Jerry Hanson, 
Virginia Polytechnic Institute; and 
“The Story of Tullahoma,”’ by Carl J. 
Wenzinger, Chief Aerodynamicist and 
Head, Aeronautical Department, 
Sverdrup & Parcel, Inc. 

A business meeting followed by a 
tour of Georgia Tech’s Aeronautics 
Department wound up the activities 
at the Third Southeastern Regional 
Conference. 


Student Conference Representatives 
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Mississippi State College extended 
an invitation to the attending schools 
to hold the fourth in this series of con- 
ferences on the Mississippi State 
campus. This will, of course, be in 
the spring of 1953. 


G. H. Dowty, R.Ae.S. President; 
1.A.S. Members Among R.Ace.S. 
Award Winners 


George Herbert Dowty, F.R.Ae.S., 
A.F.I.A.S., Founder, Chairman, and 
Managing Director, Dowty Equip- 
ment Limited, England, has been 
elected President of the Royal Aero- 
nautical Society (Great Britain) for 
the year, 1952-1953. He succeeds 
Major F. B. Halford, F.R.Ae.S., under 
whom Mr. Dowty served asan R.Ae.S. 
Vice-President. 

Simultaneously with the announce- 
ment of Mr. Dowty’s election to the 
Presidency came the names of this 
year’s R.Ae.S. award winners. Twoof 
the ten award winners are members 
of the Institute of the Aeronautical 
Sciences—Dr. Theodore von Karman, 
I.A.S. Honorary Fellow and Founder 
Member, who is presently Chairman, 
Advisory Group for Aeronautical Re- 
search and Development, North At- 
lantic Treaty Organization; and Han- 
del Davies, A.F.I.A.S., Senior Prin- 
cipal Scientific Officer and Head, 
Aerodynamics Flight Section, Royal 
Aircraft Establishment, England. 

Dr. von Karman was awarded the 
R.Ae.S.’s top honor, the Gold Medal, 
for his outstanding work in aero- 


(Continued on page 54) 


Representatives from various cobleges and universities in the southeastern United States are 
shown during the Third Annual Southeastern Conference of the Student Branches of the 
Institute of Aeronautical Sciences. It was held on the campus of the Georgia Institute of 
Technology, April 17-19, 1952. 
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(Left) The early Link Trainer when 
fully instrumented and equipped with 
radio became an invaluable naviga- 
tional training tool. (U.S. Navy photo.) 


(Right) Latest ee B-47 Fli 
Simulator for the Air Force provi 
tandem cockpits for pilot and oh 
plus full complement of instruments 
and controls for the instructor (left). 
(Link Aviation photo.) 


(Left) First flight deck simulator in 
commercial use, the Dehmel-designed 
Curtiss-Wright 377, used by Pan 
American. Instructor is at left, rear. 
(Curtiss-Wright photo.) 
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Synthetic Training 


The President’s Airport Commission (see the RE- 
VIEW, July, 1952) pointed up the great potential of 
flight simulators as an aid to air safety, in general, and 
to safety in the vicinity of airports, in particular. The 
argument with respect to airports is not at all farfetched. 
Some of the accidents that precipitated the recent air- 
port crisis arose from ‘“‘unrehearsed emergencies’’ that 
confronted the pilots during take-off or landing. ‘‘An 
inadequately trained crew [was] faced with a problem 
for which it [had] no immediate answer.’’ In such 
cases, time is seldom available for consultation or for 
reflective thought. Pilot reflex action is all that 
counts. Such action must be instant and correct, other- 
wise trouble looms. 

In the days of small, slow airplanes, the rehearsal of 
emergencies in flight under properly controlled condi- 
tions was not particularly complicated, dangerous, or 
expensive. Now, however, with fast jets and multi- 
engined, million dollar transports, some substitute 
solution must be found to condition flight crews to 
produce the instant and correct reactions that are indis- 
pensable for maximum safety. 

Fortunately, no one has to “‘invent’’ anything new at 
this stage. The idea goes back almost to the beginning 
of heavier-than-air history. Some early fliers thought 


A Jet Pilot Trainer—The McDonnell Banshee Simulator, designed 
and developed by Special Devices Center, U.S. Navy, and built by 
Curtiss-Wright. (Curtiss-Wright photo.) 


they could get the “‘feel” of flight by balancing them- 
selves on “‘seesaws.’’ Later, a more practical man, Ed 
Link, produced his justly famous ‘“‘trainer’’ on which 
most military and commercial pilots have spent hun- 
dreds of thousands of hours. Then, during World War 
II, under the guidance of Admiral de Florez, the Special 
Devices Center of the Navy went a long way in de- 
veloping training gadgets of all kinds for airmen, pilots, 
gunners, and even submarines. (They are still hard 
at ittoday.) Atthe same time, Dr. Richard Dehmel, 
working at Curtiss-Wright, started a program that led 
to the installation of the first flight crew trainer for the 
Boeing 377 for Pan American World Airways. 

As shown in the accompanying pictures, present-day 
flight simulators are complicated and expensive. They 
must reproduce accurately the instrumental responses 
of each type of aircraft under practically every flight 
condition. But their value is proved. The major prob- 
lem for present solution is an economic one—‘‘How can 
the people who need them afford the cost?” 

Joint investment for common use by a group of air 
lines is one possibility. Installation and maintenance by 
the manufacturer, with a leasing arrangement to the 
user, is another. A third is the purchase and installa- 
tion by a government agency. 

Whatever method is adopted, some solution should 
be reached quickly. We think that the idea is impor- 
tant enough so that no airplane ought to be built for 
air-line service in the future without the design and 
construction of a crew trainer to go along with it to be 
available for the continuous use of all operators on some 
fair basis. Therein lies greater safety for people in the 
air and on the ground. ae mn 
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The Promise 
and Problems of 
Alomic Power 


GALE YOUNG* 


Nuclear Development Associates 


(1) INTRODUCTION 


4 on PAST YEAR appears to have been an eventful 
one for atomic power—probably the most signifi- 
cant period since the early wartime project days. 
In this paper, 1 shall consider some of the signs of the 
times and some of the manifestations that may pos- 
sibly mark the long shadow of coming events, and 
include a few remarks about the application of atomic 
power to aircraft propulsion. 

Nuclear fission was discovered only 13 years ago, and 
the tenth birthday of the atomic project has just been 
celebrated. Yet the A.E.C. enterprise in its totality 
has already become so large that I think it must in some 
manner concern almost everyone, whether he be a per- 
sonnel manager trying to find scarce technical people, a 
technical man interested in an expanding new field, a 
procurement officer pondering where supplies and equip- 
ment go when they disappear from the market, a direc- 
tor interested in obtaining supplementary work proj- 
ects for his company or laboratory, a Government of- 
ficial looking for contractors, or just a humble tax- 
payer. 


(2) MAGNITUDE OF THE A.E.C. OPERATIONS 


Just what does this atomic enterprise look like at 10 
years of age? 

The total expenditure to date has been about $6,000,- 
000,000, of which roughly half has been used while the 
other half is represented in the existing production 
plants and laboratories on hand. Thus the A.E.C. 
is today an enterprise with $3,000,000,000 in plant 
assets. While most of this investment is in outmoded 
plants and processes inherited from the wartime Man- 


Presented at the Cleveland-Akron Section Meeting, I.A.S., 
Akron, Ohio, April 22, 1952. . 
* Technical Director. 


The author (seated center) discusses atomic power with E. W. (Pop) 
Cleveland, Vice-President and Director of The Cleveland Pneu- 
matic Tool er, and Chairman, 1.A.S. Cleveland-Akron 

. Din 


Section; Dr. R. smore, Vice-President, Goodyear Tire & 
Rubber Company; and Dr. Karl Arnstein, Vice-President—Engi- 
neering, Goodyear Ajircraft Corporation. Mr. Young, who was 
associated with the development of the atomic bomb, is inspecting 
a model of Goodyear’s latest blimp, the long-range N-1. 


hattan District, it is probably largely this investment 
that has bought whatever measure of peace and time 
we have left today. Archaic as these plants and proc- 
esses may be, they have stood almost alone between 
us and the aggressor’s might. 


These $3,000,000,000 in plant and equipment place 
the A.E.C. near the top of the list—along with A.T. & 
T. and U.S. Steel—among the great industrial enter- 
prises. Its installations occupy some 3,000 square miles, 
an area about equal to the states of Rhode Island and 
Delaware combined, and its operations extend from the 
ore fields of the Belgian Congo to the weapon proving 
grounds of Eniwetok in the Pacific. It employs 120,000 
people in its program, although only about 5 per cent of 
these are on direct A.E.C. payroll. 


The present rate of expenditure is $1,800,000,000 
per year, or about three times the average over the 
first 10 years. The A.E.C. is in the midst of an ex- 
pansion that, when completed, will bring the total plant 
investment to $4,500,000,000. The two big current 
installations are the isotope separation plant at Padu- 
cah, Ky., and the plant at Savannah River, S.C., for 
making atomic bomb and hydrogen bomb materials. 
The investment in the Paducah and Savannah River 
plants combined will about equal the plant holdings 
($1,800,000,000) of the General Motors Corporation; 
the Savannah River plant alone ($1,300,000,000) will 
somewhat exceed the total plant investment of the du 
Pont Company that is building the Savannah River 
installation for the Commission 


It would clearly be impossible, in a paper of this 
kind, to do justice to the myriad engineering problems 
and details in an operation of this magnitude. There- 
fore, let me conclude this barest sketch of the A.E.C. 
enterprise with a few bits of comparative data about 
its use of scarce commodities, as shown in Table 1. 
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TABLE 1 


Amount Per Cent of 
Total U.S. Usedby Total Used 
Commodity Supply BEC. by A.E.C. 
Nickel 7 
Sulfur 5 
Stainless-steel tubing oe 50 
Electric power 2 
Engineers 400 ,000 8 ,000* 2 
Physicists 12 ,000 1,200 10 
Total scientific and engi- 
neering population oe 5 
Construction workers * 3,000,000 60,000 2 
Mathematical physicists 
and nuclear physicists 350 


* One-quarter mechanical, one-quarter electrical and radio, 
and smaller numbers in other engineering categories. 


These numbers are current values, and all are rising 
and will rise further even without any A.E.C. expan- 
sion over and beyond what was already underway at 
the end of 1951. Thus, the more recent proposals for a 
severalfold new expansion of the A.E.C. program would 
presumably call for something like a severalfold multi- 
plication of percentages in Table 1. 

A singularly unhappy note is that struck by the item 
concerning electric power. In spite of the 100 kw. of 
electrical energy recently produced from a reactor at 
Arco, it appears that the books and face of the atomic 
business are much in the red on the subject of power. 
To quote Commission Chairman Dean:'? ‘The atomic 
energy program is consuming power at a rate which by 
next June will be comparable to that of New York City, 
or roughly 2 per cent of the total national supply, and 
this demand will increase enormously as additional 
new plants now under construction come in. For ex- 
ample, our new uranium separation plant now being 
built at Paducah, Kentucky, will have a power de- 
mand of about 1,000,000 kw. ... The fact remains that 
while the world ultimately looks to the atom to pro- 
duce power the atomic energy program is today the 
largest single consumer of power... .”’ 

(3) RECENT EVENTS OF SIGNIFICANCE FOR ATOMIC 
POWER 


(3.1) Projected Expansion of A.E.C. 


There have been recent proposals for vast further 
expansion of the atomic program. Senator McMahon, 
Chairman of the Joint Congressional Committee on 
Atomic Energy, last year introduced a resolution into 
Congress urging that the program be raised to a $6,000,- 
000,000 annual rate. His Committee requested the 
A.E.C. and the Department of Defense to prepare a 
detailed program for maximum expansion of the pro- 
gram. Subsequently, President Truman indicated that 
a new $5,000,000,000 or $6,000,000,000 expansion in 
A.E.C. facilities is contemplated during the next sev- 
eral years;* added to the $4,500,000,000 in plants which 


* Marking the beginning of this expansion is a current an- 
nouncement by the A.E.C. that it is looking for a site for another 
isotope separation plant to cost $1,000,000,000 and to consume 
1,800,000 kw. of electrical power. 


Photo Courtesy Argonne National Laboratory 

The machine shop in the building housing the new Experimental 

Breeder Reactor at the Atomic Energy Commission's National 

Reactor Testing Station in Idaho is shown lighted by, and operated 

on, electric power produced from the heat energy of the reactor. 

The reactor and its power plant were built and designed by the 
A.E.C.’s Argonne National Laboratory. 


will exist at the completion of the present phase of 
expansion, this gives the A.E.C. a $10,000,000,000 
total plant investment in the future. 

Thus, the atomic program is apparently going to be 
expanded as fast as it can absorb funds poured into it. 
While this expansion is motivated by weapon needs, 
it must surely be of significance for atomic power as well. 
Even if this money were to be spent entirely in dupli- 
cating the venerable outmoded plants that the A.E.C. 
operates today (the isotope separate plants that sop 
up huge quantities of power instead of producing it 
and the Hanford reactors that throw their heat away 
uselessly down the Columbia river—both of them 
merely skimming a little of the top cream off the costly 
uranium ore before discarding it to wastef), it would 


+ The Savannah River plant is similar in nature to the Han- 
ford facility. 


Photo Courtesy Argonne National Laboratory 

The electric light bulbs in this photo show the first known use of 
electric power from atomic energy. The bulbs are lighted from elec- 
tricity produced by the generator at the right which, in turn, operates 
on heat from the recently completed Experimental Breeder Reactor. 
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surely benefit atomic power. You cannot spend that 
much money on anything atomic and bring into the 
program that many bright engineers, physicists, etc., 
without getting additional ideas and know-how. There 
must be at least some minimum measure of atomic- 
power significance attached to the coming A.E.C. ex- 
pansion. 

Actually, the Commission has lately indicated that 
it is on the trail of much more advanced processes 
(breeder reactors), and, if some substantial fraction of 
the coming expansion can go into this new kind of 
plant, the significance will be greatly increased. 


(3.2) Mobile Reactor Progress 


The most positive and definite assurance of atomic 
power, at least in some limited form, comes from the 
mobile reactor program being undertaken for military 
vehicles. It has been known for some time that work 
was under way on reactors for the propulsion of sub- 
marines and aircraft. This past year saw unmistak- 
able signs of progress and decision in both endeavors. 

In the submarine department (where Captain H. G. 
Rickover has had a strong guiding hand throughout), 
there are two major branches. One involves the Ar- 
gonne National Laboratory and the Westinghouse Elec- 
tric Corporation, and the other is at the General Elec- 
tric Company. The Argonne-Westinghouse reactor 
appears to be far along indeed. Construction of the 
first land-based prototype at the Arco test station has 
been under way for some time, and the Navy has con- 
tracted with the Electric Boat Company to construct 
the hull for the first submarine proper (which the Navy 
has already named the U.S.S. “Nautilus” and expects 
to have ready in 1954). The General Electric reactor 
is also to be first operated as a land-base prototype. 

In the aircraft department, there were several im- 
portant developments during 1951. It was announced 
that the N.E.P.A. (Nuclear Energy for the Propulsion 
of Aircraft) preliminary study project had finished its 
work. Contracts were given by the A.E.C. and the Air 
Force to the General Electric Aircraft Gas Turbine 
Department to construct the reactor and power plant 
for an airplane, while the Air Force contact for con- 
struction of the corresponding air frame went to the 
Consolidated Vultee Aircraft Corporation. This was 
big news in the aircraft atomic propulsion business; 
these were major companies, and they were being given 
major contracts actually to build a flying machine. 
Clearly, there was something in the wind. Then 
came the news at the end of the year that Pratt & 
Whitney had been given an Air Force contract to de- 
velop another and different aircraft reactor and power 
plant.* Let us again quote Chairman Dean who says:* 

“We are much farther along on the submarine reactor 
than we are on the aircraft one, but I am sure in my 
own mind that eventually we are going to have both; 
and as a special bonus we are going to pick up a lot of 


*It has been further announced that Boeing is to work on an 
air frame in connection with the Pratt & Whitney engine project. 


technical know-how that will help us immeasurably in 
cutting the costs of atomic power for commercial use. 
What we are doing, essentially, is charging a good share 
of the high development costs of power reactors to na- 
tional security, and, in the process, getting at the earliest 
date possible a kind of propulsion unit that will reduce 
almost to the vanishing point the dependence of naval 
vessels and military aircraft upon bases of fuel sup- 
ply.” 


(3.3) Entry of Industrial Companies into the Atomic-Power 

Field 

The mobile reactor developments assure us, as much 
as anything can be assured in a new field, that there is 
going to be some use of atomic energy for power pur- 
poses—namely, to drive military vehicles. But this 
is not what the man in the street means by atomic 
power. He means something that will bring electricity 
into his home economically or be of service in his peace- 
time industries. As the above quotation from Chair- 


man Dean indicates, this latter is a less immediate pros 
pect. 


However, even here there are important deevlop- 
ments. This past year has seen four teams of industrial 
companies, under arrangement with the A.E.C., start 
spending their own money—-at least $1,000,000—in 
atomic-power studies. There is a Michigan team (Dow 
Chemical and Detroit Edison), a St. Louis team (Mon- 
santo Chemical and Union Electric), a California 
team (Bechtel and Pacific Gas & Electric), and a Chi- 
cago team (Commonwealth Edison and Public Service). 
The agreements provide for surveys and studies by 
the companies (a) to determine the engineering feasibil- 
ity of their designing, constructing, and operating dual- 
purpose reactors to produce fissionable materials and 
power; (b) to examine the economic and _ technical 
aspects of building such reactors in the next few years; 
(c) to determine the possible research and develop- 
ment needed; and (d) to recommend industry’s role in 
designing, building, and operating such reactors. 


Commissioner Glennan comments:* ‘What will they 
come up with? I don’t know but I am satisfied that 
much of value will appear in their reports. You just 
can't let intelligent, aggressive engineers and man- 
agement people loose in this business and draw a blank 
as a result of their efforts. No one of these companies 
will willingly throw away the money they are spending 
on these surveys. As a minimum, then, let’s say that I 
am more than mildly enthusiastic on this deal.” 


(3.4) Breeder Reactor Announcement 


The past year saw several news items about peace- 
time applications of atomic energy. The British proj- 
ect revealed that it is using reactor output for the 
space heating of buildings. The A.E.C. announced that 
the Argonne National Laboratory had produced the 
first known electrical power (100 kw.) from a re- 
actor; the Commission’s report’ shows photographs 
(reproduced herein) taken by the light of this electricity. 
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Subsequently, Oak Ridge National Laboratory dis- 
closed that it too, has a reactor under construction 
which will generate some electrical energy. These 
developments are encouraging, but I doubt if they carry 
much significance in themselves. To the public, which 
has been awaiting such news for a long time, the prin- 
cipal connotation is merely a feeling of relief that these 
announcements have come at last. But, while some- 
what playing down the significance of the power an- 
nouncement as such, 1 would emphasize strongly an- 
other aspect of the same story—-namely, it was an 
experimental breeder reactor from which this power was 
produced. Herein lies the real significance of the an- 
nouncement, and here lies the real road to the future. 

You will recall that the fission chain reactor is pos- 
sible only because a fission, which uses up one neutron, 
in turn produces more than one neutron. Thus, the 
neutron output from one fission suffices to set off the 
next fission, etc. Thus, if one has a supply of fissionable 
material, one can proceed to burn it via the neutron 
chain and so obtain energy. This is what the project 
has been doing thus far. Some fissionable material 
namely, the rare isotope 235 of uranium—is found in 
nature in tiny amounts, and the project consumes this 
to produce energy in atomic bombs, mobile reactors, 
etc., by the now familiar processes developed in the 
Manhattan District under General Groves. 

The new breeding process being developed by the 
A.E.C. goes much further and makes each fission re- 
place not only the consumed neutron but also the con- 
sumed atom of fissionable material as well. This is 
possible because, first, each fission produces two and 
one-half neutrons* so that, even after you subtract 
the one neutron needed for the next fission, there are 
one and one-half neutrons left; second, if you have a 
neutron, you can make an atom of fissionable mate- 
rial by absorbing the neutron in a so-called fertile ma- 
terial. Thus, if you are careful not to waste any neu- 
trons in the process (which is one of the big develop- 
ment problems, since neutrons tend to be absorbed by 
anything and everything you put in the reactor for 
structure, cooling, etc.), you can make one and one-half 
atoms of fissionable material for each one you destroy. 
Hence, your breeder reactor not only sustains itself on 
fissionable material, but continuously exports an ex- 
cess of one fuel atom for each two it consumes. 

Here, then, is the coming facility that makes obsolete 
the plants that the A.E.C. is today operating—a power- 
producing breeder reactor (either stationary for indus- 
trial use or mobile for military or transportation pur- 
poses) which steadily exports fissionable material for 
weapons or other use. The required fertile materials 
(uranium 238 and thorium 232) exist in nature in much 
(several hundred times) greater abundance than the 
natural fissionable material (uranium 235) now being 
exploited. Thus, the breeder reactor enables us to ex- 
pand the atomic program a hundredfold, if desired, 


* The A.E.C. has just revealed that under some conditions the 
number of neutrons per fission is as large as three, which im- 
proves the breeding picture given here. 


and, at the same time, be freed from depending upon 
foreign ore supplies in remote and vulnerable corners of 
the world. 

This is a key development that warrants the greatest 
all-out effort. Senator McMahon, who sounded the 
first note in the vast new expansion of the atomic energy 
program, says in the 1951 report of his Joint Congres- 
sional Atomic Energy Committee:® ‘‘The Committee 
also renews its 1949 recommendation, particularly as 
regards thorium breeders and plutonium production 
reactors of the future, that ‘reactor development. . . 
proceed with all possible speed.’ . . . there are opportuni- 
ties for faster advancement which need to be vigor- 
ously exploited. If the Committee has a single general 
comment to offer, it is this: Greater boldness and more 
scientific and technical daring should be brought to bear 
upon the program.” 

Thus, the first power came from an experimental 
breeder reactor and in this is a manifestation of the 
boldness and daring Senator McMahon urged. As 
people interested in the development of atomic power, 
as citizens who want our atomic program to be of the 
best and our country to be in the strongest position pos- 
sible, and as taxpayers who do not want to see the 
nation saddled with any more billions of dollars worth 
of antiquated atomic plants than necessary, let us hope 
for the continued fast advancement and vigorous ex- 
ploitation that will see breeder reactors playing a 
major role in the coming new expansion. 


(4) Major PROBLEMS 


Having reported to you on some of the more sig- 
nificant atomic power news of the last year, next, I 
should like to distinguish some of the larger problem 
areas and make a few comments on some of the more 
specific topics involved. Various of the frequently en- 
countered technical items have often been described 
in the literature. For example, Dr. Hafstad’ notes the 
inability of materials to stand high temperatures, show 
minimum radiation damage (under the intense bom- 
bardment of neutrons, gamma rays, etc., in the interior 
of a reactor), and not absorb and waste an excessive 
proportion of the available neutrons. He also notes 
the problems of shielding personnel and instruments 
against the adverse effects of radiation, obtaining con- 
trol gear with response times adequate for safety, effect- 
ing heat-transfer rates higher by an order of magnitude 
than those conventionally used, dealing with fission 
products that jeopardize neutron economy, and han- 
dling and ultimately disposing of radioactive waste in a 
manner that will constitute the minimum health 
hazard. 


(4.1) Raw Materials 


The starting point of atomic energy work lies, of 
course, with the raw materials (uranium and thorium) 
employed. The emphasis to date has been primarily 
on uranium, which already contains a small fraction of 
fissionable material (one part in 140) which can be 
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exploited, rather than on thorium, which can be uti- 
lized only in a breeding process. These raw materials 
are radioactive and are slowly decaying and will eventu 
ally turn into lead. There need be no concern that 
atomic power may not be developed before the raw 
materials are lost. This worry is completely unjusti- 
fied, since these materials take a few billion years to 
decay, and we are assuredly making progress much more 
rapidly than that. 


Estimates of uranium in the earth’s crust run from 
three to eight parts per million by weight and for 
thorium from ten to 30 parts per million. Using nomi- 
nal values of 5 for uranium and 15 for thorium gives a 
total of 20 parts per million. Since the energy output 
per unit weight is about 2,500,000 times as great for 
fissionable material as for coal, we see that a ton of 
average earth crust is potentially equivalent (assum- 
ing breeding to utilize fully the raw material) to 50 tons 
of coal. (See similar remarks by Akers.*) 


Granting that the earth we walk on is energywise 50) 
times as rich as a solid bed of coal, what about the 
costs of extracting materials? On this, only the rough- 
est of estimates are available. Menke,’ from a survey 
of costs in a number of other cases, has estimated the 
price of extracted materials to be about $10 per ton of 
ore handled. Using this as a guess sounds encouraging, 
since it would say that the energy equivalent of 50 tons 
of coal can be obtained for $10, even if we ignore the 
value of any by-products obtained in processing the 
earth’s crust. Similar suggestions have been made for 
“mining’’ sea water. Here, the uranium and thorium 
concentrations are much lower. 


The above values of $10 per ton at 20 parts-per-mil- 
lion concentration would give a cost of $250 per Ib. for 
uranium and thorium recovered from average earth. 
crust ore. From richer-than-average ore the cost 
should, of course, be correspondingly lower. While | 
do not believe full data on A.E.C. uranium costs have 
been published, price schedules paid to miners for ore 
have been published, and these go up* to several dol- 
lars per pound of contained uranium. A Canadian 
article” discusses the process used in extracting the 
uranium from the ore and implies costs of a few dollars 
per pound of uranium for this separation step. Adding 
“several” to ‘‘a few’ gives approximately $10 per lb. 
as an estimate for the current price of uranium. 

A cost of $10 per pound marks a fairly expensive 
material, and, needless to say, the procurement of raw 
materials for the project is a big business dollarwise. 
Since the prospecting, as well as the mining and con- 
centrating, of the basic raw materials is one of the 
major areas for the application of engineering effort 
and ingenuity, I should like to call it to your attention. 

Extensive exploration work is under way to locate 
further deposits, and recovery of uranium from gold 
ore residues in South Africa and from fertilizer phos- 
phate rock in the United States has been announced. 


* Including bonuses, development allowances, transportation 
allowances, etc. 


Some of the darker parts of the picture are: (1) The 
breeding process is not yet in hand, and, without it, the 
raw material situation is immediately some 500 times 
worse. (2) Atomic power is at peculiar disadvantage 
with respect to the inventory of material which has 
to be on hand. You are doubtless familiar with the 
phenomenon of ‘“‘critical mass’’ which has been fre- 
quently discussed—namely, that a small amount of fis- 
sionable material will not operate by itself and that a 
large amount of fuel must be assembled in order to get 
a chain reaction at all. Much the same sort of thing 
applies also in breeding and for much the same reasons. 
It is easy enough to say that we shall capture the excess 
neutrons in fertile material and thus make fissionable 
fuel; however, the neutrons tend to diffuse for con- 
siderable distances and thus escape from the system, 
and they also tend to get uselessly absorbed in other 
material in the system. Thus, to capture the neu- 
trons effectively in practice requires the use of a large 
amount of the desired capturing (i.e., the fertile) ma- 
terial. 

I do not have an especially good example to illus- 
trate this point, but we can get a quantitative impres- 
sion by looking at the famous Canadian reactor that 
was announced as having the highest neutron flux in the 
world. I always thought it was the atomic news story 
of the year when Dr. Hafstad revealed, 3 years ago, 
that the Canadians had a higher intensity reactor than 
we possessed, but it did not seem to bring forth much 
comment in the press. Perhaps Dr. Hafstad dropped 
his bombshell too quietly, or perhaps there was at the 
time too much heated discussion about whether we 
were properly keeping our atomic secrets. However, the 
news that we had slipped to second place in an impor- 
tant respect went apparently almost unnoticed. So far 
as I know we still do not have a reactor to match the 
Canadian machine. This Canadian reactor has a flux of 
6 X 10'* neutrons per square centimeter per second, 
and an atom of fissionable material has a cross section or 
target area for neutrons of about 500 X 107*4 cm.’. 
Upon multiplying these numbers together, it is seen 
that 3 X 10-* of the fissionable atoms are hit by a 
neutron in 1 sec. It follows that the reactor contains 
'/; X 108 sec. or about 1 year’s supply of fissionable 
material. Since this is a natural uranium reactor, the 
amount of fertile material is 140 times greater, or a 
140 years’ supply for a breeding process. 

With such huge inventories, even a low-price fuel 
can become a major investment item. If the holdup 
time is 140 years and the fixed charges (interest, insur 
ance, taxes, etc.) are 7 per cent annually, then the 
inventory cost is ten times the destruction cost. Such 
numbers indicate that the search for richer ore deposits 
or cheaper mining methods may be spurred more by 
inventory requirements than by the cost of fuel de- 
stroyed. This factor of 10 suggestst that breeding 


+ This holdup cost factor of 10 does not apply at present when 
we have a large stockpile of fertile material (depleted uranium 
from the project) which is idle. 
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is 50 (rather than 500) times better on raw material 
charges than simple exploitation of the natural fis- 
sionable material; the ‘‘holdup’’ factor of 10 obtained 
here is only a rough impression and is, of course, subject 
to improvement through design effort—e.g., raising the 
neutron flux would decrease the holdup time. 

In any case, I would like to leave with you as a first 
major engineering problem and challenge the mining of 
increased quantities of raw materials at lower prices. 
It is a most important area and can be a highly reward- 
ing one. Dr. C. E. Larson, Director of Oak Ridge 
National Laboratory, was recently quoted!! as saying 
that the future of atomic development in the United 
States depends on recovery of uranium from low-grade 
ores. 


(4.2) Aircraft Reactors 


As was mentioned earlier, the mobile reactor program 
has at present two substantial branches concerned, 
respectively, with submarines and with airplanes. Of 
these two, I shall deal primarily with the airplane pro- 
gram. 


These two reactor programs have been under way for 
about the same Jength of time, and the submarine de- 
velopment is farther along primarily because it is the 
less difficult of the two. The atomic-powered airplane 
is an extremely difficult development. Indeed, it seems 
fair to say that, with the possible exception of eco- 
nomical commercial atomic power itself, the airplane 
problem is the most difficult one the project has. The 
difficulties encountered in the aircraft program have 
been described by Dr. M. C. Leverett, of the General 
Electric Aircraft Nuclear Propulsion Project, in a 
talk before the I.A.S. Chicago Section about 6 months 
ago.'? They stem largely from the large shield weights 
required by reactors and the high temperatures required 
by airplane power plants. Dr. Leverett indicates 
that the necessary shield weight is some 50 to 100 tons, 
which is just about what can be carried by the largest 
airplanes in existence. Such large planes require Jarge 
power outputs to propel them, and, thus, the reactor, 
which has meantime been made small in order to keep 
down the weight of the shield surrounding it, winds up 
in the unhappy position of having to generate and re- 
move large amounts of heat from a small volume. 
This particular difficulty is known as high specific power 
(i.e., high power output required per unit reactor 
volume) and is possessed by the aircraft reactor to an 
uncommon degree. You can readily picture the horde 
of troubles that this engenders—fine scale structure, 
high coolant velocities, large pressure drops, high heat 
fluxes, and large temperature differences, thermal 
stresses, etc. 

A reactor for aircraft service is also caught in the 
cross fire of a second major difficulty, namely, the un- 
commonly high temperature called for in this applica- 
tion. The problems encountered in pushing materials 
up to the temperatures reached in modern military 
aircraft power plants are familiar. The same problem is 


encountered in the reactor, except that (a) every time 
you propose a material to put into the reactor there will 
be somebody who wants to take it out because it ab- 
sorbs too many neutrons, and (b) people will insist on 
putting into the reactor materials of which you have 
never heard. 


Dr. Leverett remarks that just about every type of 
aircraft propulsion machinery has been proposed for 
use with a reactor but does not indicate what the actual 
choice will be. On this point, I recall only two authori- 
tative statements. About 2 years ago, Dr. Andrew 
Kalitinsky, who was at the time Chief Engineer of the 
N.E.P.A. project, told a meeting of the I.A.S. that a 
turbojet system might be the easiest way of applying 
atomic power to aircraft. When it was announced 
last year that the first design contact in this field had 
been given to the G-E Aircraft Gas Turbine Depart- 
ment—a division that specializes in turbojet engines- 
it seemed for a while that this supported Kalitinsky’s 
opinion. However, just 2 months ago this year, Dr. 
Alvin Weinberg, Research Director of Oak Ridge Na- 
tional Laboratory, was quoted!! as indicating that, 
as far as present thinking went, an atomic aircraft 
engine would probably deliver power through a steam 
turbine. 


(4.3) Breeder Reactors 


The main theme of what remains to be discussed 
concerns the problem of economy, and this will serve 
also to point out the close tie-in of the subject of breed- 
ing with my next topic of industrial power. 

In a breeder reactor, the neutrons released by a fis- 
sion go (a) to replace the neutron consumed in the fis- 
sion and (b) to replace (or more than replace) the fuel 
atom consumed in the fission via neutron capture in 
fertile material to produce fissionable material. It is 
thus clear that neutron economy will be of much con- 
cern and that no large loss of neutrons by useless para- 
sitic capture in reactor materials can be tolerated. 

Another point to be noted is that things have to be 
done to the fertile material and operations carried out 
on it before it becomes fissionable material. Thus, if 
the raw material could be mined directly in fissionable 
form instead of in fertile form that has to be processed 
further, it would certainly be cheaper than breeding. 
Unfortunately this is not the case, and only a small frac- 
tion (1 part in 500) of the raw material is naturally fis- 
sionable. The present project operations amount to 
seizing upon and exploiting this small fraction of the 
raw material, the remaining large fraction being essen- 
tially discarded. Even this small fraction is not avail- 
able free after the ore has been obtained, and further 
processing, such as in the expensive power-consuming 
isotope separation plants, is needed before pure fis- 
sionable material is obtained. 

Thus we see that breeding gets unavoidably into the 
large question of dollar economy. The processes it 
involves must not only be developed but they must be 
developed so that they can be carried out economically. 
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In situations of this sort, the primitive operation (in 
the present case, our exploitation of U 235 by the 
methods of the Manhattan District) can get so en- 
trenched behind big plant investments, etc., that the 
desirable ultimate operation can even be inhibited or 
discouraged, with the money continuing to go into 
what was done yesterday instead of into what should be 
done tomorrow. 


While the Commission's announcement of the Ar 
gonne breeder reactor is careful to say that it is only 
an experimental machine and that much further de- 
velopment is needed, let us continue to hope that this 
is nonetheless a sign that we are breaking out of the 
Manhattan District’s primitive U 235 trap and that the 
road to tomorrow is being blazed with all possible vigor 
and determination. 


Nothing short of true breeding can achieve the goal 
of multiplying our raw material stockpile by factors 
like 100 and assure us of a sufficient supply for all con- 
ceivable military developments and industrial power 
advances. It is, in passing, a little ironical to note that 
the bred fuels (U 233 and Pu 239) are the ones that are 
potentially available in large amounts and that the one 
(U 235) whose tiny amount we are so busy using up is 
the one that will be most difficult to replace. 


(4.4) Industrial Power 


What now, finally, of the big question that the man in 
the street has been asking for so long—Is there going 
to be commercial atomic power? This question has been 
debated at such length and with such vigor that it 
would be difficult to have any new opinions about it. 
The real inside information on this is fortunately not 
secret and can be conveniently assembled in the fol- 
lowing statement. “Atomic power will be economical 
if you can make it cheap enough.” 

This remark serves to set the stage for the coming 
development battle for atomic power—a battle that is 
just now being joined and which will be won or lost 
largely in terms of success in cutting costs and finding 
more economical processes. 


I have mentioned the many diverse opinions that 
have been expressed about the outcome of this struggle 
and about the prospects for atomic power. Let me 
give you two contrasts and a few singletons from 
among these. 


Last September at the Chemical Society meetings in 
New York, two eminent gentlemen spoke on this sub- 
ject. Dr. Conant, of Harvard,'* upheld the negative 
and pictured the atomic-power game as turning out 
about a decade from now to be not worth the candle, 
with worried mankind eventually finding a way out of 
the atomic age and into an age-of-plenty based on solar 
energy. He spoke of the worry about coal supplies as 
increasing by the end of this century. On the other 
hand, Dr. Grebe, of Dow Chemical Company (who is 
one of the men participating in the current atomic 
power studies by industrial companies mentioned 
earlier), sees’! a serious situation looming now in the 
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electrical power field where mounting costs have finally 
overtaken engineering ingenuity, with the result that 
power prices, which have been continually going down 
for years, have at last started back upward. He fears 
that this reversal in trend of such a basic commodity 
as power will have an *adverse effect on our national 
productivity and looks to atomic power to tip the 
scales the other way and “help make possible the con- 
tinuation of the remarkable growth curve of the United 
States.” He remarks that ‘‘the rapid increase in total 
heat energy consumption, particularly the electrical 
power production, now doubling every 9 years, can no 
longer be supplied from the current rate of production 
of coal,’’ and, thus, further increases in the already 
high prices of coal are to be expected. 

For a second, and much milder, contrast let me go 
back to 1948 when two other eminent gentlemen (physi- 
cists, this time) spoke on these same subjects. Profes- 
sor Wigner, of Princeton," did not expect atomic power 
to assume any decisive economic importance so long 
as the present period of abundance of fossil fuels con- 
tinues, and, even when these near exhaustion, it will 
have to compete with other sources such as solar energy 
Professor Pryce, of Oxford, on the other hand, ex- 
presses hope that atomic power may come along quickly 
enough to provide some relief of the present fossil fuel 
shortage and that the atomic raw materials may ‘‘last 
sufficiently long to allow human ingenuity to find new 
sources of power before they run out.” 

Many of the differences in these several points of view 
appear to arise from different opinions as to the fossil 
fuel resources, with the British and the engineers being 
more pessimistic on this score and American scientists 
more optimistic. Dr. Grebe in fact remarks that the 
British should lead in the early production of atomic 
power because they need it more. 

Let us note now an opinion from Canada (where, as | 
mentioned earlier, the world’s most advanced reactor 
has been in operation for some time). Two years ago 
Canadian scientists believed significant civilian use of 
atomic energy was from 20 to 30 years away. By 2 
months ago, they had changed their minds. The 
government formed a Crown Company, Atomic Energy 
of Canada, Ltd., to take over the Chalk River project 
in Ontario, the main center of atomic research. Prime 
Minister Louis St. Laurent announced: ‘The prospects 
for early and useful application of atomic energy have 
become more promising.” 

Finally, about 1 month ago, Chairman Dean of the 
U.S.A.E.C. offered a guess that atomic energy might 
be used for limited commercial electric power production 
within 5 to 10 years. 

Ali this appears to be showing signs of adding up to 
something. In atomic circles, there is a quickening of 
interest all along the line and a heightened feeling of 
vigor and boldness and of things impending. I am 
not sure just what has brought this about. Perhaps it 
was triggered, as much as by anything, by a proposal 
of Dr. Charles Thomas, President of Monsanto Chemi- 
cal Company. Dr. Thomas suggested that, since in- 
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dustry wants power and the A.E.C. wants fissionable 
material and since reactors can produce both, the two 
might get together in some way, with industry build- 
ing and operating reactors for power and the A.E.C. 
purchasing the resulting fissionable material at a price 
that would make the operation feasible. This idea 
seemed to have appeal all around, and it was not long 
before the A.E.C. had completed arrangements with a 
number of companies (including that of Dr. Thomas) 
to look into the possibility. Thus, the atomic-power 
studies by the four industrial teams mentioned pre- 
viously were begun. 

Dr. Grebe's paper'! represents the only report we have 
had from the industrial studies. After expressing his 
concern about the deteriorating fossil fuel and power 
situation, as I mentioned earlier, Dr. Grebe goes on to 
discuss the prospects for atomic power development. 

Themain themeof Dr.Grebe’s paper is “invent cheaper 
processes—drive costs down,” and this same theme runs 
through many other discussions of the subject. 


Why, then, are the atomic power costs so high? Per- 
haps in closing I can attempt to give you some idea of 
the high costs about which everyone is so concerned. 
Undoubtedly, a large share of.these costs stems from a 
single word—radiation. If it were not for the danger- 
ous radiations involved or if we were somehow immune 
to these radiations, we might have atomic power now. 
Imagine, if you will, that the aircraft engines with which 
you are familar could only be operated within thick 
vaults and that everything in them became intensely 
radioactive, and | think you will get some idea of what 
the reactor engineer is up against. The difficulties of 
remote-control engineering have been well stressed by 
Dr. Simpson;" you have merely to translate these 
into costs in dollars and time to see why the project is 
both slow and expensive. Even the simplest of opera- 
tions—e.g., tightening a bolt—can become inordinately 
expensive and time-consuming if it has to be done by 
remote control through a thick wall of a building or by a 
man working from within a heavy crane cab. 


Reactors will not let you go away and ignore their 
unpleasant contents. To quote from former Chairman 
Lilienthal: ‘‘When fission takes place energy is re- 
But something is left behind, the result of 
splitting the nucleus. This mixture of the isotopes of 
many elements is very radioactive. Inside the reactor, 
where all this takes place, the effect of these ‘hot’ ele- 
ments on the operation of the reactor is bad. Some of 
the new elements absorb neutrons readily, so that their 
effect is to quench the nuclear reaction. The fission 
products—the nuclear ashes—must be removed and the 
remaining nuclear fuel recovered to be used again. 
This is a chemical separation job that presents some 
highly complex and difficult problems of chemistry, 
chemical engineering, and metallurgy—and it must be 
carried out by remote control to protect the workers 
from lethal radiations. I need not stress the troubles of 
this kind of operation by mechanical proxy, nor need I 
stress the economic importance of efficient recovery of 
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the unspent nuclear fuel, for this is material that may 
not under any circumstances be wasted.” 

In briefest sketch, then, we can outline the operations 
and problems of an atomic power plant as follows. First, 
one obtains the raw material—the fertile material that 
turns into fissionable material when it captures neu- 
trons. Evidently, this material has to be arranged so 
as to surround completely the part of the reactor where 
the fissions occur, or else neutrons would escape and be 
lost. This surrounding outer layer of fertile material is 
commonly called the ‘breeding blanket,” and the 
central region where the fissions occur is termed the 
“core’’ of the reactor. The blanket has to be thick 
enough to catch all the excess neutrons leaving the 
core, and it has to be cooled without introducing neu- 
tron absorbers to any significant extent; there is a high 
premium on neutron economy in a breeder reactor. 
Now we come to the ‘‘processing”’ headache so vividly 
described by Mr. Lilienthal. The fuel is created in the 
blanket, and we want to remove it for export or to 
transfer it to the core where it is burned. This must 
be done in spite of the intense radioactivity; it must be 
done without losing precious fuel or fertile material, 
and it must be done economically. How it is, in fact, 
going to be done, I have no idea, but some day engi- 
neers will figure it out and then we will have atomic 
power. 

After the fuel has entered the core, much the same 
applies. It must be cooled (more strongly now, be- 
cause here is where most of the heat is produced) with- 
out wasting neutrons; it has to be processed over and 
over again to remove fission products, again economi- 
cally in spite of the intense radioactivity and without 
wasting fuel. 

Because a breeder with its associated fertile and fis- 
sionable material is an expensive machine, as much 
power as possible must be extracted from it. Thus you 
will again be led into the high specific power difficulties 
I mentioned in connection with aircraft reactors. 
Also, since you will want good efficiency in your power 
plants, you will be led into the problems associated 
with high reactor temperatures. Thus, in these re- 
spects, more or less, what must be done in getting an 
aircraft reactor must be done again, except that this time 
it must be done economically. Then we will have 
atomic power. 


REFERENCES 


' Dean, Gordon, Atomic Energy and the Industrial Mobilization 
Program, prepared for delivery at the Annual Mobilization 
Dinner of the American Ordnance Association, New York, 
A.E.C. Release, December 5, 1951. 

2 Dean, Gordon, The Role of Atomic Energy in the World Econ- 
omy, Northwestern University Centennial Celebration, A.E.C. 
Release, February 28, 1951. 

3 Dean, Gordon, The U.S. Atomic Energy Program, 1951, 
New York State Chamber of Commerce meeting, New York, 
A.E.C. Release, June 7, 1951. 

4Glennan, T. Keith, Industry and the Atom, annual meeting 
of the American Society of Mechanical Engineers, Atlantic City, 
A.E.C. Release, November 29, 1951. 

(Concluded on page 52) 


| 
ly 
1e] 
ist 
ew 
ew 
oi | 
ng 
Sts 
he 
lic 
| 
or 
ol 
he | 
ry 
ct | 
ne 
| 
le 
ht 
to 
Oo! 
of 
m 
it 
al 


The Forecasting of 


Jet-Aircraft Condensation Trails 


H. APPLEMAN* 
Air Weather Service 


(1) INTRODUCTION 


AS AIRPLANE LEAVES a condensation trail (contrail) 
when, by aerodynamic cooling or by the addition 
of moisture from the exhaust, it causes supersaturation 
of the environment through which it is passing. These 
trails form more readily and are more persistent under 
certain meteorological conditions than under others. 
If these conditions are known, a forecaster can advise 
the pilot as to the flight altitudes at which the contrails 
are least likely to form. 

From an operational point of view, the formation 
of condensation trails gives rise to two hazards. First, 
when a large number of aircraft rendezvous at a given 
point over a fairly long period of time, the contrails 
given off may form a cloud sufficiently dense to interfere 
seriously with the operation. The selection of another 
level for the rendezvous might eliminate such clouds 
completely or at least result in a decrease in their 
density. 

The second danger from contrails is that of detection 
by the enemy. With the perfection of radar warning 
systems, this is not so serious as formerly. However, 
radar networks are never perfect over great areas, 
and visual observation will continue to supplement 
radar detection in any aircraft warning system. In 
addition, careful observation of contrails frequently 
can give more information as to the number and type 
of aircraft than can be obtained from the radar scopes. 


(2) AERODYNAMIC TRAILS 


Aerodynamic trails are caused by the momentary 
reduction of pressure when air flows past an airplane. 
This results in adiabatic cooling of the air, which may 
be great enough to raise the relative humidity of the 
affected environment to 100 per cent or more. In 
such cases, condensation will occur, and, if enough 
liquid water is produced, a visible trail will form. 

The local decrease of pressure varies greatly with 
the part of the airplane in question. It has been re- 
ported as great as 170 mb. on the top of the wing 
and 420 mb. at the propeller tip. These excessive 
pressure reductions are almost instantaneously ab- 
sorbed into the bigger general eddy that sustains 
the aircraft and in which the average pressure reduc- 
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tion is of the order of 10 mb. This average decrease 
is also relatively transitory, since the pressure quickly 
returns to its normal value after the passage of the 
airplane. When the initial humidity is very high, 
however, evaporation of the droplets may proceed 
slowly enough for a short trail to be formed. These 
trails are generally associated with the areas of maxi- 
mum pressure decrease—i.e., the tips of the wings and 
propellers. 

Aerodynamic trails are relatively rare in occurrence 
and of short duration. They occur at levels where 
the atmosphere is near saturation. If trails do form, 
a small change of altitude will usually eliminate them. 
Because of their infrequency and transitory nature, 
aerodynamic trails are not considered an operational 
hazard. 


(3) ENGINE ExHAusT TRAILS 


The second type of condensation trail arises when 
the exhaust gas from an airplane engine mixes with 
and saturates the environment through which it is 
passing. The fuel used in airplanes—both conventional 
and jet—is a hydrocarbon, which upon combustion 
results in the addition of water vapor and heat to the 
wake of the aircraft. The added moisture tends to 
raise the relative humidity of the affected environment, 
while the added heat tends to lower it. The resulting 
relative humidity in the trail (f’) is dependent upon 
the amount of heat (47) and water (W) added by the 
exhaust, the ratio of entrained environment to exhaust 
gas (N), and the initial pressure (P), temperature 
(T), and relative humidity (f) of the environment. 
The critical value of N for the formation of a saturated 
trail (V,) is therefore a function of H, W, P, T, and f. 
In this study all relative humidities are taken with 
respect to a plane water surface. 


For each gram of fuel burned, there are produced 
approximately 1.4 Gm. of water and 10,000 calories 
ot heat. These values are relatively constant, regard- 
less of the fuel used. In the case of jet aircraft, nearly 
all of the heat and moisture are injected into the trail, 
and the present report is based on this assumption. 
For conventional aircraft, on the other hand, although 
all the water produced is added to the trail, a significant 
portion of the heat is dissipated outside of the trail 
in the form of heat losses from the radiator and me- 
chanical losses from the propeller. The exact amount 
lost in this manner varies with the type of aircraft; 
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it is generally assumed to run from 20 to 40 per cent. 
Such external heat losses result in higher relative 
humidities in the trail and increase the probability of 
contrail formation. A separate study would be neces- 
sary for each significantly different type of conventional 
aircraft. 

The amount of air entrained into the exhaust trail 
varies continuously from zero immediately behind 
the aircraft to infinity far behind it. The rate at 
which the air is entrained, however, varies with the 
type of aircraft, its control settings, and the density 
and stability of the surrounding atmosphere. An 
airplane flying at its most efficient speed and altitude 
will burn less fuel per mile of flight. Consequently, 
the environment/exhaust ratio in the trail will’ be 
correspondingly large at a given point behind the air- 
craft. 

Since the amount of heat and moisture added to the 
trail per gram of fuel burned is constant, NV, becomes 
a function of P, T, and f. Since only meteorological 
parameters of the environment are involved, this 
relationship is applicable to all jet aircraft. Curves 
were plotted of NV, as a function of the temperature 
and relative humidity for each 100 mb. level from 1,000 
to 100 mb. Fig. 1 shows the graphs for the 200 mb. 
level. It is seen that except for the case of an initially 
saturated environment these curves are double-valued. 
This means that for a given pressure and temperature, 
a trail will not form until a certain value of N is reached; 
with continued entrainment, it will dissipate at another 
value of N. For example, if the relative humidity 
is 60 per cent, the temperature is —55°C., and the 
aircraft is flying at 200 mb., a saturated trail will form 
at a point behind the aircraft where the ratio of the 
entrained environment to the exhaust gas is 250:1. 
Subsaturation will result when continued entrainment 
brings the value of N to 1,500:1. The warmest tem- 
perature at which a contrail can form at 200 mb. and 
60 per cent relative humidity is — 52.5°C. 

In a similar fashion, the maximum temperature at 
which contrails can form were picked off all the curves 
and plotted as a function of pressure and relative humid- 
ity. Fig. 2 shows the graphs used in making the 
actual forecast. The pressure and temperature for the 
point in question are entered on this graph, and the 
relative humidity necessary for the formation of a 
contrail is found. If the point entered lies to the right 
of the 100 per cent line, it is extremely unlikely that 
trails will form, since the atmosphere is rarely super- 
saturated with respect to water. If the point lies to the 
left of the 0 per cent line, contrails will form even in 
absolutely dry air. At any in-between point, the for- 
mation of trails depends on whether the actual relative 
humidity of the environment is greater than the re- 
quired value as given by the graph. 

It should be realized that humidity measurements 
as obtained by radiosondes at low temperatures are 
inaccurate, but the fact cannot be ignored that the 
relative humidity is important in determining whether 
trails will form. Improvement in our instruments will 
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FIG. 1. Ng AT 200 MB AS A FUNCTION OF THE 
TEMPERATURE AND RELATIVE HUMIDITY OF THE 
ENVIRONMENT. 
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FIG. 2. A GRAPH OF THE REQUIRED RELATIVE 
HUMIDITY FOR CONTRAIL FORMATION AS A FUNCTION 
OF THE PRESSURE AND TEMPERATURE OF THE 
ENVIRONMENT 
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gradually increase the accuracy of our high-level 
humidity measurements. In the absence of data, 
the relative humidity with respect to water in the 
upper troposphere can generally be assumed to be in 
the vicinity of 40 to 90 per cent, and in the stratosphere 
between 0 and 60 per cent. As shown in the graph, 
this will result in an error of only 3 or 4° in the critical 
tempefature. Indirect methods, such as noting the 
source of the upper-air flow and the presence or absence 
of cirrus clouds, can be used to refine the above esti- 
mates. The length and persistence of the trail will 
depend upon the difference between the actual and 
required relative humidities. 

Three basic assumptions have been made in calculat 
ing the curves for contrail forecasting: (1) Contrails 
are composed of ice crystals. (2) Water vapor cannot 
be transformed into ice without first passing through 
the liquid phase, thus necessitating saturation with 
respect to water before any ice can form. (3) A mini- 
mum water concentration in ice-crystal form of 0.01 
gm/m* is required for a distinctly visible trail. Of 
these assumptions, the first is borne out both by 
actual photographs of ice crystals in contrails and by 
halos frequently observed through them. The second 
has been verified in cloud-chamber tests. The mini- 
mum ice-crystal concentration that will produce a 
visible trail is still open to question, however, since no 
direct measurements have yet been made. Estimated 
values begin as low as 0.002 gm /m*. 

The graphs in this paper are therefore based on the 
formation of a trail saturated with respect to water. 
Since the critical temperature for contrail formation 
is in all cases colder than — 29°C., and for high altitudes 
and low humidities much colder than this, the highly 
supercooled water droplets will immediately freeze. 
Freezing nuclei, if not already available at flight level, 
will be plentifully supplied by the exhaust itself. 
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As soon as the transformation of the liquid to solid 
water begins, the trail, which has been at approximately 
100 per cent relative humidity with respect to water, 
will be highly supersaturated with respect to ice. The 
excess water vapor will immediately begin to sublime 
onto the ice particles, resulting in the production of 
larger and larger crystals until the relative humidity 
in the trail falls to 100 per cent with respect to ice. 
The resulting ice-crystal concentration in all cases 
proved more than enough to furnish the 0.01 gm/m* 
specified for a distinct trail. The graphs presented in 
this paper therefore fulfill all the requirements for the 
formation of visible trails—i.e., they provide for initial 
saturation of the trail with respect to water and, after 
the droplets have changed into ice, the formation of a 
sufficient concentration of ice crystals to make the 
trail visible. 


(4) SUMMARY 


This study has been made to explain the nature of 
condensation trails, to show their operational impor- 
tance, and to provide a method of forecasting their 
occurrence. Aerodynamic trails are formed only 
in very moist layers, usually under 20,000 ft. They 
are relatively rare and of short duration and are not 
considered important from an operational point of view. 
Exhaust trails, on the other hand, occur only with very 
cold temperatures and can form even with zero rela- 
tive humidity. They are frequently persistent, oc- 
casionally stretching across the entire sky and lasting 
for an hour or more. They are considered important 
from an operational point of view. A complete theo- 
retical treatment of the subject of exhaust condensation 
trails will appear in a forthcoming issue of the Bulletin 
of the American Meteorological Society. 
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Helicopter Transmissions— Weight vs. Cost 


THOMAS J. HARRIMAN* ' 
Bell Aircraft Corporation 


ABSTRACT 


The conclusion of this study is that helicopter transmissions, 
while apparently far too expensive, require expensive arrange- 
ments, materials, and processes in order to achieve lightness. In 
fact, further refinement to save weight seems practical, even 
though first costs would increase. Many transmissions require 
quality common to automobile transmissions and aircraft en- 
gines. The problem consists of two parts: (1) How much is 1 
Ib. of helicopter empty weight worth? (2) How much does it 
cost to save that pound? 

(1) The worth of 1 Ib. is determined by the revenue that 1 
lb. of pay-load capacity brings in during the normal life span of 
the helicopter. Facts drawn from current operations are used 
to support the revenue and cost figures. 

(2) The cost involved in saving weight is attacked in two ways 
—along the lines of arrangement and refinement. The logical 
transmission arrangements for a popular-sized helicopter in the 
200-hp. class are investigated for their effects on weight and 
estimated production cost. On the assumption that less fussy 
tolerances reduce allowable loadings, the decreased cost of 
cheaper materials and processes is compared to the increased 
size and weight of one typical arrangement. 


INTRODUCTION 


Hs INCREASED DEMAND for helicopter develop" 
ment and production has focused attention on 
the problem of making the transmission. The com- 
ponents, from the point of view of the air-frame manu- 
facturer, are practically impossible to make. Also, 
they present severe difficulties to the medium-precision 
semimodern machine shop; tenths of thousandths 
and fine heat-treat control do not mix with the normal 
product. Helicopter transmissions belong to the same 
class as aircraft engines and automotive transmissions. 
In fact, they require identical materials, processes, and 
tolerances.'. The principal reasons why they have 
received attention from only a few of the manufacturers 
competent in this field and why they have not become 
cheaper are that development has been insufficient, 
quantities involved are too small, and continued busi- 
ness prospects have been much too unsteady. Regard- 
less of the deterrents, the manufacturing requirements 
remain the same; the helicopter transmission is a piece 
of high-quality machinery. 

Why does it have to be so good? First, its primary 
function is to convert large amounts of pulsating power 
from low torque at high r.p.m. to high torque at low 
r.p.m. without spilling any in the process. Next, it 
must transmit the power to the rotors, generally going 
around corners. Engine clutching, free-wheeling, 
braking, and accessory drives must be provided. 


Presented at the Rotating Wing Aircraft Session (Joint Session 
with the American Helicopter Society), Twentieth Annual 
Meeting, I.A.S., New York, January 28-February 1, 1952. 
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Dependability over a temperature range of 295° is of 
highest consideration. Easy maintenance and over- 
haul are essential; anything complicated is bound to 
require frequent attention and tear-down inspection. 
Field experience dictates roughly 500 hours between 
major overhauls.? Lightness is paramount, more so 
than in other aircraft. When all conditions have been 
met, the measure of success is weight and cost. The 
problem then breaks down into two parts: How much 
is 1 lb. of helicopter empty worth; how much does it 
cost to save that pound? 


WORTH OF WEIGHT 


The only pragmatic gage of the worth of weight is 
the revenue that 1 lb. of pay-load capacity brings in 
over the normal life of the vehicle for the particular 
operation in question. Revenue is the same as cost 
of operation plus profit. For uses such as military 
activities, police patrol, rescue work, and executive 
travel, revenue and profit become obscure. The cost 
alone represents a measure of the utility of the pay 
load. To substantiate current helicopter charging 
rates and to give a clear understanding of the elements 
in operating cost, Table 1 is presented. These items 
are averages drawn from all kinds of existing, difficult 
helicopter operations, including military, using typical 
small helicopters. The basic assumptions are: 

(a) Time of depreciation to 10 per cent residual value 
is 4 years, the legal minimum. 

(b) Rate of utilization is 750 hours per year or a total 
of 3,000 hours (major parts of high-performance air- 
craft engines are expected to last about 6,000 hours, 
but the engine does not obsolesce so fast). 


(c) Expendability is a loss of 55 per cent of first cost 
every 3,000 hours, roughly equivalent to 25 per cent 
premium hull insurance at above depreciation. 

(d) Approximate price is $28,000. 

(e) Five hundred Ib. pay load. 


TABLE 1 
Per Cent 
Cost of 
Item per Hour Total 
Depreciation $ 8.40 12 
Interest on investment (5 per cent) 1.00 1 
Expendability or insurance 5.10 7 
Parts 5.00 7 


Subtotal of manufacturer controlled 
cost $19.50 27 
Direct operating, personnel, and adminis- 
trative expense 50.70 73 


Total cost plus profit = income $70.20 100 
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The earning capacity of each pound of pay load if the 
helicopter operates fully loaded all the time follows 
readily, but in most operations the successful use of 
the aircraft does not depend upon the pay load all the 
time. A common assumption is that the pay load 
capacity is of importance only 50 per cent of the time. 
This is not to be confused with load factor. Even 
though an aircraft is not always fully loaded, each pound 
of pay load contributes the necessary potential if the 
aircraft must operate on a scheduled run of specified 
capacity. The earning capacity of each pound of 
pay load for the life of the helicopter is expressed as 


(total hours) X (income per hour) X (pay load importance factor) 


(total pay load capacity) 


3,000 X $70 K 50% 


= $210 per Ib. 
500 Ibs. $210 per Ib 


While | lb. of pay load is worth $210 to the operator, it 
does not follow that the manufacturer should spend 
the full amount per ship to save a pound. Every 
extra dollar that the manufacturer spends is reflected 
not only in the first cost or depreciation but also in the 
interest, insurance, and parts costs as shown in the 
table. These total $19.50, whereas the first cost is 
only $8.40. Therefore, every dollar the manufacturer 
spends increases the operator's cost $2.25. Accordingly, 
the manufacturer must not spend more than 


$210 per Ib./$2.25 = $93 per Ib. per helicopter 


to save weight if he is to help the operator come out 
even. If the operator is to benefit by the manufacturer's 
effort and look forward to some economic advantage 
to compensate for the risk involved in any change, the 
cost to him should probably be not more than $50 per 
Ib. Of course not every pound saved or added is worth 
the same as every other pound. If increase in pay load 
of 100 Ibs. resulted in a four-place helicopter that could 
secure a large market, when perhaps a_three-place 
machine could not, the worth might be several times 
$9,300. On the other hand, few customers would pay 
$930 extra for the privilege of carrying along another 
l'/p gal. of fuel. (It might be appropriate here to 
expose the fallacy of determining the value of weight 
by dividing initial cost by pay load. Such a method 
implies that the pilot, fuel, mechanics, sales department, 
and equipment are standing idly by already paid for 
and that the only expense consists of one new helicopter. 
Further, it implies that the helicopter will be used just 
once.) 

The effects of size of helicopter, type of operation, 
frequency of use, and all the other variables are ex- 
tremely important. In general, the more difficult the 
job, the higher the worth of useful weight For instance 
extra instrumentation or twin-engined installations will 
increase the cost of helicopter passenger service com- 
pared to crop-dusting work. The increase in first 
cost and operating costs of special duty military heli- 
copters dictates a highly multiplied value of weight. 

Therefore, the $93 per lb. quoted previously repre- 
sents a minimum value for modern helicopters. 
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Cost OF REDUCING WEIGHT 


The problem of how te: simp a pound in transmis- 
sions can be attacked in two ways—along the lines 
of refinement and arrangement. 

Refinement involves examination of the details: 
Should we use the best materials and fanciest processes, 
with the lengthiest development tests, in an attempt to 
get as light and expensive a unit as possible, or should 
we use cruder methods and arrive at a heavier gearbox 
sufficiently cheaper to pay for its weight at the rate of 
$100 per Ib? 

Gears being the most important class of components 
in transmissions, examine the loadings to which the 
gear teeth are subject. Briefly, there are three types 
compressive, bending, and sliding conditions. The 
first normally determines the size of gears. Modern 
helicopter transmissions run compressive stresses, or 
Hertz stresses, from 125,000 to 200,000 Ibs. per sq.in., 
the latter value requiring considerable development 
work. They are able to achieve successful behavior 
in this range of loading by virtue of hardness and accu- 
racy. No matter how hard or soft the gears are, they 
must be reasonably accurate for the speeds and powers 
encountered in helicopters. If, in an attempt at cheap- 
ness, the teeth are made soft instead of carburized or 
nitrided, the allowable maximum loading slips to 60,000 
lbs. per sq.in. or about half of the conservative figure 
for hard gears. Because the stress varies as the square 
root of the load, face loadings on soft gears must be 
less than one-quarter of those used on hardones. The 
only way to decrease loadings while maintaining normal 
proportions is to increase diameters. But weight 
increases as the cube of the diameter for normal pro- 
portions. The result is a transmission of something 
like five times the weight of the hard-gear variety. 

Opening up tolerances on such details as housing 
bores for bearings, spline tooth straightness, roller 
bearing guide shoulder squareness, and quill shaft 
concentricity saves a few dollars but dictates impossible 
load reductions in order to accommodate the situation 
in which only part of a component works while the 
rest is idle. Another result is increased wear due to 
lack of tightness of mounting or due to increased 
vibratory loadings. The trend in modern helicopter 
transmissions has been involuntarily toward tightening 
tolerances to assure even load distribution, increasing 
hardness to prevent wear, and using better materials 
to obtain higher endurance limits. 

Changes in arrangement of transmissions have always 
been an extremely interesting activity for designers 
and a source of hope for manufacturers. There are 
almost as many different types of configurations as there 
are different types of helicopters. Of course, engine 
and rotor positions help increase the numberof varieties. 
The principal arrangements for the main power train 
consist of planetary spur, single-mesh spur, and single- 
mesh bevel. An attempt is made here at a direct com- 
parison between a two-stage planetary system repre- 
senting the expensive type and a sing‘e-mesh spur 
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design typifying the chea, .t type. For the sake of 
elimination of variables, they have been chosen to be 
applicable to the same eng .e and engine position and 
generally, to the same helicopter. They represent the 
extremes of arrangement which will meet those require- 
ments. The results of that comparison are summarized 
in Table 2. 

The result of the single-mesh transmission saving 
only $120 accompanied by a weight increase of 25 Ibs. 
dampens the immediate hope of achieving a significant 
reduction in helicopter transmission prices. (Results 
of analysis, by Sikorsky Aircraft Division, United 
Aircraft Corporation, of several finished transmissions 
of different arrangements indicate that the cost per 
pound of the various types remains approximately 
constant.) Note that, while the main gear cost is 
cut in half, the case expense triples because of the com- 
plexity of the castings, and hugely increased loads on 
them, and resulting machining and grinding. The 
case also becomes the most important item of weight. 
Higher allowable loadings were hypothesized than would 
be used in the planetary arrangement, because cocking 
deflections can be reduced and the problem of distri- 
If the 
result is viewed another way, improving the gearbox 
weight by progressing from the single-mesh to the plane- 
tary type saves weight at a cost of only $4.80 per Ib. 
standard, or $7.20 per Ib. actual. 


bution of load between meshes disappears. 


CLOSING REMARKS 


‘In the interest of providing the most economical 
transmissions, the general arrangement should be the 
most compact and refinement should be directed toward 
the lightest possible components. This does not mean 
that special processes not already developed should be 
called upon for production parts. It does mean that 
the more expensive arrangements are worth while and 
that development should be actively carried on to in- 
crease allowable loadings. The most effective manufac- 
turing methods must be used in order to aid such 
development. Automotive industry demands spurred 


TABLE 2 
Single 
Characteristics Planetary Mesh 
Weight 95 Ibs. 120 Ibs. 
Standard cost (estimated for optimum 
production run; should be at least 
1.5 these figures) $2,514 $2 ,394* 
Number of gears in main train 16 2 
Proportion of total cost 28% 13% 
Number of gears in accessory drives 7 7 
Proportion of total cost 9% 10% 
Number of other difficult internal parts 6 
Proportion of total cost 14% 10% 
Cases—proportion of total cost 12% 36% 
Bearings—proportion of total cost 1% 2% 
Remaining details—proportion of 
total cost 19% 15% 
Assembly—proportion of total cost 17% 14% 


* Estimated only, by comparison to similar parts in the plane- 
tary example and other Bell transmissions; same general methods 
of manufacture have been assumed. 


the use of antifriction bearings, spiral bevel gears, and 
high-octane fuels. Without the prior costly develop- 
ment of those products, the helicopter would not have 
been feasible. Similarly, without today’s éfforts 
toward improved refined designs, tomorrow's more 
practical helicopter of wider use would not be possible. 
The important principle is that, while a light efficient 
transmission costs more, it does more work per dollar 
invested than a heavy cheap one. 

If mobilization plans should call for immediate 
decupling of helicopter output, it may be that the 
apparent lack of production capacity would boost 
transmission prices high enough to justify an economi- 
cal switch to cruder units. But the greater likeli- 
hood is that the prospect of large volume at favorable 
prices, or some other inducement, would attract enough 
manufacturers who are today capable of handling this 
type of work. 
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Electronic Controls 
as Applied to 


Aircraft Inverters 


B. M. STARR* 


Eicor, Inc. 


INTRODUCTION 


| awed WE ARE IN A PERIOD to which future historians 
might refer as the Age of Electronics. Although 
great strides have been made in this field, the science is 
still in its infancy. There is an infinite number of uses 
to which electronics can be applied, and it remains only 
a question of time as to when all of the commercial pos- 
sibilities will be explored. At the present time, most of 
the electronic research at Eicor has been diverted to the 
defense effort. 


Eicor’s major contribution has been in the field of 
electronic controls as applied to aircraft alternators. 
During World War II, the company made thousands of 
small dynamotors, inverters, and motors for the armed 
services. It was therefore natural for this company to 
undertake the development and manufacturing of con- 
trols for rotary equipment. (See Fig. 1.) 


Up until the end of 1947, standard controls for in- 
verters had been electromechanical regulators. How- 
ever, these regulators were never completely satisfac- 
tory. Difficulties were constantly encountered in the 
regulation and maintenance of this type of equipment. 
Because these regulators are electromechanical devices, 
there are moving parts to wear out. The carbon piles 
and contacts cause no end of difficulty due to the dust, 
dirt, and other contamination which collect between 
pieces of carbon in the carbon pile and contacts. It was 
therefore decided from the beginning that any control 
designed and developed for rotary equipment should be 
of a type other than the conventional electromechanical 
device. 


Any control for close regulation of power-converting 
equipment must have such characteristics as fast re- 
sponse, low maintenance, good stability, freedom from 
spurious modulation due to shock and vibration, and, in 
general, definite dependability. The use of vacuum 
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Fic. 1. 


Eicor inverter model 1-2500A-115-S-2A. 


tubes was the logical answer to all of these desirable 
characteristics, with the possible exception of depend- 
ability and efficiency. Because of the heater required 
in vacuum tubes, their efficiency and dependability may 
be low. Because of their extremely fast response time, 
hard vacuum tubes would be the ideal type of tube, as- 
suming, of course, that a dependable tube could be pur- 
chased or developed for this purpose. Neither a vacuum 
tube nor a company interested in developing a vacuum 
tube that would have the necessary small size and power- 
handling capabilities could be found. 

The only remaining choice of an electronic tube was 
that of a gaseous grid-controlled rectifier. In spite of 
the faults this tube may have, it has definite advantages, 
such as a high efficiency and great power-handling capa- 
bilities in a small-sized envelope. Disadvantages, such 
as special control circuits to operate this tube and a 
high noise level, were not sufficient to prevent the de- 
velopment of the controls in use today. 


INVERTER CONTROLS 


The first step, of course, was the development of 
voltage- and frequency-sensing networks to sense the 
output voltage and frequency of the inverter and, in 
some way, to control the thyratrons that supplied the 
d.c. power to their respective fields. The voltage-sens- 
ing network is a comparatively simple bridge circuit 
(see section on voltage control). For the frequency- 
sensing network, we investigated various means of 
sensing the frequency, such as tuned circuits, and we 
were able to develop a simple high-pass filter that gave 
us an excellent slope of approximately 1 volt per cycle 
change at 400 cycles per sec. for detecting frequency. 
The change of voltage input to the filter causes a change 
of 0.09 volt in the output per 1.0 volt change of input. 
This slight voltage sensitivity is not detrimental to the 
operation of this frequency-sensing filter because any 
reduction in output voltage of the inverter is usually due 
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to those factors that also tend to reduce the revolutions 
per minute of the motor, such as reduced input voltages 
or increased load. Therefore, this slight sensitivity to 
voltage change improves the response of the frequency- 
sensing network. Because this control is so unique, a 
diagram is included to assist in the explanation of its 
operation (see Fig. 2). 

The d.c. supply source for the frequency control field 
is a full-wave grid-controlled gaseous rectifier circuit 
employing two 2D2l1-type rectifiers. The grid and 
plate voltage of the thyratrons are out of phase by ap- 
proximately 90°. This phase shifting is accomplished 
by physically winding the transformer windings that 
supply the anodes of the thyratrons in quadrature to the 
output winding of the alternator. Since this unit em- 
ploys a rotating field, the output winding and the trans- 
former windings are parts of the stator. The output of 
the alternator supplies the primary of the grid trans- 
formers. Control of the thyratron is accomplished by 
varying to d.c. bias between control grid and cathode. 
The means of controlling this d.c. bias is a 6AT6 hard 
vacuum tube employed as a variable resistor. As fre- 
quency increases, the output of the high-pass filter will 
also increase. This voltage is rectified by a bridge 
rectifier and filtered slightly by the load of the rectifiers 
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Taking radio noise measurements in a copper-shielded room 
made especially for this test. 


One of the engineers at Eicor conducting simulated flight con- 
dition tests over a wide range of temperatures and pressures. 
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bridge rectifier is connected to the grid of the 6bAT6 tube. 
The negative end of the bridge rectifier is connected to 
a potentiometer in the full-wave rectifier circuit, em- 
ploying the duo-diodes of the 6AT6 tube. This full- 
wave rectifier provides a voltage that may be consid- 
ered as constant for our purpose of analysis. The two 
voltages are connected in such a manner as to oppose 
-ach other, the positive end of the bridge rectifier being 
applied to the grid of the 6AT6 tube and the positive 
end of the full-wave rectifier being connected to the 
cathode. The voltage between grid and cathode, there- 
fore, is equal to the difference of the two voltages, one 
being a constant voltage and the other voltage varying 
with frequency. This enables us to have a greater 
change of grid voltage in the region of the low voltage 
necessary to control this tube than we could otherwise 
obtain with this frequency-sensing circuit. 

This circuit is unique in the respect that the plate re- 
sistance of the 6AT6 tube is employed as the variable re- 
sistance and controlling component in the d.c. bias cir- 
cuit of the 2D21 thyratrons. The grids of the thrya- 
trons are connected to an a.c. voltage in such a way that 
it may be compared to a full-wave rectifier. By neg- 
lecting a large number of variables, we can consider this 
grid circuit of the thyratrons as being a constant-cur- 
rent full-wave rectifier. The load of this rectifier con- 
sists of the 220,000-ohm grid resistor, the 28-volt 
battery, and the plate resistance of the 6AT6 control 
tube. The voltage developed across the 220,000-ohm 
resistor in the grids of the thyratron may be considered 
constant if the current is considered constant also. The 
voltage developed across the 6AT6 plate resistance will 
vary as the plate resistance of the tube varies. This 
voltage developed across the plate resistance of the 
6AT6 tube is of opposite polarity to that of the 2s-volt 
battery. The d.c. voltage developed across this com- 
bination will therefore be the difference. This varying 
d.c. bias is the controlling voltage of the thyratron 
anode currents. 

To follow the sequence of control to completion, as- 
sume an increase in the output frequency, the output 
voltage remaining constant. As the output frequency 
increases, the output voltage of the high-pass frequency- 
sensing circuit will also increase. The bridge rectifier 
will rectify this voltage, and the change of d.c. voltage 
will appear between grid and cathode of the 6AT6 as 
grid control voltage, which is becoming more positive. 
Thus, as the plate resistance of the 6AT6 tube de- 
creases, the voltage across this plate resistance will also 
decrease. The difference between the 28-volt battery 
voltage and the drop across the plate resistance of this 
tube will be applied to the grid and cathodes of the 
21D21 thyratron. The grid bias of the thyratrons will 
become more positive as a result of the decreasing 
voltage drop of the plate resistance of the 6AT6 tube. 

As the thyratron grid voltage becomes more positive, 
the anode currents of the thyratrons will increase. This 
increase in current, which flows through the motor con- 
trol field, will cause the frequency to decrease, thus 
completing the cycle and correcting the change in out- 
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ELECTRONIC CONTROLS 


put frequency. The 0.1-mf. capacitor across the plate 
resistance of the 6AT6 control tube will reduce the ef- 
fect of this varying resistance upon the applied a.c. 
voltage in the grid circuit of the thyratrons. The 28- 
volt battery represents the airplane d.c. source and 
serves two purposes in this circuit. First, by bucking 
two voltages against one another in this fashion, it is 
possible to obtain a greater change in grid bias than 
would otherwise be possible in the range of grid bias re- 
quired for control of the thyratron. 


For example, assume that a negative grid bias of | to 
3 volts is required by the 2D21 for complete control. 
Further, assume that the control method is capable of 
causing a voltage change from 25 to 31 volts which is 
available to control the thyratrons. A bias of 25 volts 
is much too great to allow conduction of current through 
the thyratrons. Through the use of a voltage divider, 
however, we can reduce this to the required 1 volt or 
1/25 of the available control voltage. The maximum 
grid bias then available would be 1/25 of 31 or 1.24 
volts. This arrangement would only give a grid bias 
range of 1 volt to 1.24 volts, and complete control 
would be impossible. However, if this control voltage 
available (25 to 31 volts) is bucked against 28 volts d.c., 
the grid bias then would be the difference of the two 
voltages of +28 — 25 or +3 volts, and +28 —31 or —3 
volts. This gives a grid bias range of +3 volts and is 
more than sufficient to control completely the thyra- 
tron. 

The other function of the 28-volt battery source is to 
help correct the change in output frequency which is 
caused by the variation of this 28-volt source that is the 
power supply for the inverter input. 
the 28-volt source is reduced for any reason to a lower 
voltage (assume a value of 26 volts), the output fre- 
quency of the inverter will also be reduced because of 
the reduction of the motor speed. 


for example, if 


To correct this drop 
in frequency, the grid bias of the 2D21 thyratrons must 
become more negative in order to reduce the motor con- 
trol field current which will allow the motor speed to 
increase. Because of the manner in which the 28-volt 
battery is used in the grid bias circuit of the thyra- 
trons, any reduction of the battery voltage will cause 
the grid bias to become less positive or more negative. 
This increase in negative grid bias will cause the motor 
control current to be reduced and, in turn, will cause 
the motor speed or frequency to increase. (See Fig. 


3.) 


ALTERNATOR OUTPUT VOLTAGE CONTROL 


The voltage control circuit of the inverter that con- 
trols the a.c. voltage output operates in a similar man- 
ner, with the one exception that the sensing circuit is 
sensitive to changes of output voltage but is not sensi- 
tive to changes of output frequency in the voltage con- 
trol circuit. 

The voltage-sensing bridge circuit consists of a recti- 
fier to provide the d.c. voltage for the bridge, the OA2, 
and the four resistors. Assume that the OA2 is a per- 


AND 
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the final production line testing prior to 


shipping. 


Inverter undergoes 


fect voltage regulator. Also assume that at this instant 
the inverter output voltage (€) is increasing. This in- 
creased voltage will appear across the bridge circuit as 
an increase in the d.c. voltage, which is «, + «. The 
amount of increase in the d.c. bridge voltage wili depend 
upon such things as the turns ratio of the transformer in 
the rectifier circuit and the increased loss due to this in- 
creased voltage. Let 


K = /Aeo 


For this circuit A is equal to 9/6 or 1.5. 
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Two thousand five hundred va. inverter voltage control 
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@ FILTERING CIRCUITS O 


SENSING AND 
GRID 


TRANSFORMERS 
79-100! 
FREQUENCY 


SENSING 


Eicor inverter model 1-2500A-115-S-2A. Top view. 


The grid bias of the 6BF6 is equal to the difference of 
€, and ¢;. Since the OA2 is assumed perfect, the voltage 
change of ¢; will be equal to Aey.. Therefore, 


Ae; = Aek 


Ideally, ¢; should remain constant; however, in this 
circuit €, does vary. Assume that the 20,000-ohm 
potentiometer used for adjusting the-output voltage of 
the inverter (€) is set at its medium point. « changes 
by the ratio of 32,000/142,000, or 


Ae. = (32/14) 
Aes = 0.225eK 


The grid bias of the 6BF6 (e-,) is equal to the 
difference between & and ¢;. Therefore, 


Ae, = Aes — 

Ae, = AeK —0.225A ek 
Ae, = AeK(1—0.225) 
Aer, = 0.775Ae9(1.5) 

Ae, = 1.16 Ae 


Thus for every volt change of the output voltage 
(€9), the grid bias (€-,) of the 6BF6 changes 1.16 volts. 
The 6BF6 is employed in the same manner as the 6AT6 
in the motor control circuit—to control the alternator 
side of the inverter. Assume an increase in the alter- 
nator output voltage (€). 3 will also increase, and, 
since € is nearly constant, the grid bias of the 6BF6 
(€c,) will become more negative. This will cause an in- 
crease in the plate resistance of the 6BF6 (7,). Again 
assuming the 6BF6 cathode current to be constant, the 


plate voltage (€,) will also increase. This increase in 
plate voltage, which is opposing the 28-volt battery 
voltage, causes the grid bias of the 2D21 thyratrons 
(€-,) to become more negative, thus reducing the alter- 
nator control field current (J,) and alternator output 
voltage (€). The control cycle is completed and the 
output voltage change is corrected. 

Because of the power requirements, two sets of full- 
wave thyratron circuits are employed. By employing 
separate transformer windings for each full-wave recti- 
fier circuit, we are able to achieve a degree of isolation of 
these two circuits that feed a common load. Also by 
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Fic. 4. Inverter, Eicor, 1-2500A-115-S-2A SN-PP-1-2,500 


va.-single phase; voltage and frequency regulation; sea level, 
room temperature; 26.0, 27.5, 29.0 volts d.c. input; loads shocked ; 
readings at 0, 1,250, and 2,500 va. load. 
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va.-single phase; voltage and frequency regulation; sea level, 
+71°C.; 26.0, 27.5, 29.0 volts d.c. input; loads shocked; read- 
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vdigs using a common grid resistor for the in-phase thyra- = 
tery trons, a satisfactory degree of balance of anode currents 408 
rons is achieved. 406 
Iter- Use of these circuits to control the voltage and fre- 
tput quency of inverters has resulted in a frequency regula- 
— 29.0 Ve DC 
the tion of 10 cycles or less, an output voltage regulation of om I 27.5 Ve Be 
: 3 volts or less, with a change of input voltage between asi 
full- 26 and 29 volts, and with a change of output from no- 398 
0 1250 2500 
ities load to full-load. Ambient temperature effect is slight es 
sina at +71°C. and has no effect at —55°. (See Figs. 4, 5, 
n Ol and 6.) 
) by 116 
CONCLUSION 
us — 
The engineers at Eicor are continuing to improve js SS 
both inverters and controls for inverters. They are 3 MN 
constantly striving to reduce the size and complexity of #38 ¥ RE 
ee these controls and to improve the regulation of these 
controls. We are confident that the achievements of the ns 
0 1250 2500 
Ve DC last decade are few when compared to future progress VA Load r 
Ve De that will be made through continued hard work and _ Fic. . Inverter, Eicor, 1-2500A-115-S-2A SN-PP-1-2,500 va.- 
imaginative planning in the field of applied electron- single phase; voltage and frequency regulation; sea level, 
: 8 P 8 PP —55°C.; 26.0, 27.5, 29.0 volts d.c. input; loads shocked; read- 
ics. ings at 0, 1,250, and 2,500 va. load. 
Sherman M. Fairchild Publication Fund Papers 
Member Nonmember Member N: b 
Ne. Price Price No. Price Price 
FF-7 Natural Flight and Related Aeronautics i ° ; 
“James L. G. Fitz Patrick. $2.65 $3.50 
J. DC ’ FF-6 Wetted Length and Center of Pressure of Vee- Stevens Institute of Technology. $1.20 $1.60 
fe DU Step Planing Surfaces—Experimental Towing 
Tank, Stevens Institute of Technology. $1.20 $1.60 167 On the Pressure Distribution for a Wedge 
FF-5 Symposium on Standardization in Technical 
na) Information Services for Government Con- mrtg ank, Stevens Institute of Tech- 
zo) ' tractors. $1.00 $1.00 nology. $0.75 $1.00 
ve 
FF-4 Finite Deflections of Curved Sandwich Plates 
ced and Sandwich Cylinders—F. K. Teichmann 166 | fl 
and Chi-Teh Wang. $0.50 $0.85 Sart on ake Kegions of Flat Flaning 
urfaces—Experimental Towing Tank, Ste- 
FF-3 The Penetration of a Fluid Surface by a vens Institute of Technology. $1.20 $1.60 
Wedge—Experimental Towing Tank, Stevens 
Institute of Technology. $1.20 $1.60 165 Theory and Practice of Sandwich Construction 
FF-2 A Study of the Flow, Pressures, and Loads in Aircraft (A Symposium). $1.85 $2.50 
aces—Experimental Towing Tank, Stevens 164 Applications of the Theory of Free Molecul 
DC Institute of Technology. $1.20 $1.60 Flow to Aeronautics—Holt Ashley. " $1.15 $1.50 
n ree Parts. ot. ecker, Vorse 
; ‘ 4 106 Measurement of Ambient Air Temperature in 
Flight—W. Lavern Howland. $0.35 $0.50 
AHS-1 Helicopter Flight Research at NACA, 105 An Ev 
id aluation of the | t F Fat 
DC Langley—Jack P. Reeder. $0.35 $0.75 
286 Linearized Treatment of Supersonic Flow Jackson, L. F. McBrearty, R. V. Rhode, and 
Through Axi-Symmetric Ducts with Pre- R. L. Schleicher. $0.80 $1.10 
scribed Wall Contours—Cherles E. Mack, 
Jr., and Ignace |. Kolodner, $0.75 $1.25 104 Tensor Analysis of Aircraft Structural Vibra- 
244 Wetted Area and Center of Pressure of Planing tion—Charles E. Mack, Jr. $1.85 $2.50 
Surfaces—Experimental Towing Tank, Ste- 
vens Institute of Technology. $0.75 $1.00 102 Cigeetonl Deinece Strain Sears Applied to 
229 Wave Profile of a Vee-Planing Surface, Includ- ind-Tunnel Balances—Elmer C. Lundquist. $0.60 $0.80 
ing Test Data_on a 30° Deadrise Surface— . 
Experimental Towing Tank, Stevens Institute 101 Introduction to Shock Wave Theory—J. G. 
of Technology. $1.20 $1.60 Coffin. $2.65 $3.50 
170 Wave Contours in the Wake of a 10° Deadrise ee 
: : : 100 Blade Pitching Moments of a Two-Bladed 
Planing Surface—Experimental Towing Tank, 
e d | Stevens Institute of Technology. $1.20 $1.60 Rotor—R. W. Allen. $0.75 $1.00 
+ DC 169 The Discontinuous Fluid Flow Past an Immersed 126 External Sound Levels of Aircraft—R. L. Field 
Wedge—Experimental Towing Tank, Stevens T. M. Edwards, Pell Kangas, and G. if 
Institute of Technology. $0.75 $1.00 Pigman. $0.75 $1.00 
Papers should be ordered by number from: 
50M) Publications Department, Institute of the Aeronautical Sciences, Inc. 
vel, 
ary 2 East 64th Street, New York 21, N.Y. 


Temperature-Compensated Springs for 
Aircraft Application 


M. GERARD FANGEMANN* 
John Chatillon & Sons 


USE OF TEMPERATURE-COMPENSATED SPRINGS 
in industry, especially the aircraft industry, is be- 
coming more apparent daily. One of the latest applica- 
tions for temperature-compensated springs is the 
Eclipse-Pioneer fuel-flow system, which indicates the 
rapidity with which fuel is being consumed by the en- 
gine. 

This system consists of an Autosyn? transmitter 
mounted in the fuel supply line to the engine which is 
directly linked to the pilot’s or flight engineer’s instru- 
ment panel. The rate at which fuel is being consumed 
is thus indicated and enables the pilot to monitor his 
fuel consumption continuously and thus obtain econoimi 
cal performance of the engine. 

The fuel-flow transmitter is composed basically of a 
metering mechanism and an Autosyn. A temperature- 
compensated Iso-Elastic spiral spring located in the 
metering mechanism provides the accurate calibration 
factor for the instrument, and its importance can 
readily be realized. This special nickel alloy, called 
‘‘Iso-Elastic,”’ is a patented alloy and is produced by 
John Chatillon & Sons in New York. It is rapidly find- 
ing new applications in all force-measuring devices 
wherever temperature changes occur. The temperature 
coefficient of the modulus of elasticity, which is the 
factor governing the change in strength of a material 
with temperature changes, is approximately one-tenth 
that of spring steel. There are many other important 
characteristics, however, that add to the versatility of 
this special alloy. 

Hysteresis or “back error’’ is an important charac- 
teristic of spring applications in instruments. Hystere- 
sis error is usually determined by loading a spring 
through a cycle beginning at zero load, applying half 
load and full load, and returning to half load and, 
finally, to zero load. If this loading is plotted, a hys- 
teresis loop is formed, and the curves do not coincide at 
any other point but at full and zero loads. The dif- 
ference at the midway loading condition is designated as 
the hysteresis error. Ordinary materials have a ‘‘back 
error” of approximately 0.1 to 0.2 per cent of total de- 
flection, whereas Iso-Elastic usually has a maximum 
hysteresis error of 0.02 per cent. 

Another important characteristic is that of drift, 
which is the additional deflection that continues after a 
designated load is applied. This additional deflection 
may continue for minutes, hours, or days, depending 


*Manager, Spring Division. 
{Registered trademark of the Bendix Aviation Corp. 


upon the material used, the stress at which the spring 
operates, and the work hardening that takes place. 
Steel springs ordinarily have a drift error of 0.06 per 
cent in approximately 24 hours. However, Iso-Elastic 
will reduce this error to approximately 0.01 per cent in 
24 hours. 

From the above, the advantages of using Iso-Elastic 
springs for aircraft applications can readily be seen. In 
the Eclipse-Pioneer fuel flowmeter, fuel enters the inlet 
port of the transmitter and is directed against a hinged 
vane in the metering chamber. The impact of the fuel 
causes the vane to move against the restraining force of 
the calibrated Iso-Elastic spiral spring. When the re- 
straining force of the spring balances the force of the 
fuel, the vane stops moving. This position of the vane 
represents a measure of the rate at which fuel is passing 
through the metering chamber. The Autosyn unit 
electrically transmits the position of the vane in the 
meter to the pointer of the indicator on the instrument 
panel and, thus, provides an indication of the rate of 
fuel consumption. 


Fic. 1. Illustration shows partial assembly of Bendix fuel 
flowmeter produced by Eclipse-Pioneer Division in Teterboro, 
N.J., with the temperature-compensated Iso-Elastic spiral 
spring. 
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Fic. 2. Illustration showing cutaway section of a complete 
Bendix fuel flowmeter with an Autosyn transmitter attached. 


The original spring used in the fuel-flow transmitter 
was of beryllium copper. However, in the constant ef- 
fort to improve the performance of their products, 
Eclipse-Pioneer engineers have modified the design of 
the transmitter to make use of an Iso-Elastic spring, 
which will ensure a spring rate that will not change with 
changes in temperature. The transmitter is built to 
specifications requiring specific accuracy tolerances over 
a temperature range of —67° to +150°F. The uni- 
form characteristics of Iso-Elastic have provided ex- 
cellent performance in meeting this requirement over 
this entire temperature range without the need for any 
cumbersome temperature-compensating mechanism. 

Listed in the right column are the main physical prop- 
erties of Iso-Elastic. 


» Fic. 3. Illustrates the actual calibration of a Chatillon Iso- 
Elastic spiral spring for use in Bendix aircraft instruments. 
Hysteresis error is less than 0.02 per cent of deflection, while 
drift error is less than 0.01 per cent of deflection. 


36°o nickel, 8% chromium, 0.5% 
molybdenum—balance iron and 
other small constituents 

Thermal coefficient of the modulus....—20 X 107°/°F. to 

15) 

(Spring steel is —190 X 10-°/°F.) 

.....Less than 0.05% of deflection 


Composition....... 


Hysteresis error... .. 


Creep error......not more than 0.02% of deflection in 5 min. 
Young’s modulus................. 26 X 10° Ibs. per sq.in. 
Practical working stress in bending........ .90,000—100,000 

Ibs. per sq.in. 
Practical working stress in torsion........... 40,000-60,000 

Ibs. per sq.in. 
Rockwell C30 to C36 
Electrical resistance.............. approximately 528 ohms 


per mil. ft. (at 20°C.) 
Coefficient of linear expansion. ..+4 X 107° approximately 


4 Hamilton Place 


Send remittance with order: 
£5.5.0 ($14.70), postage prepaid. 


Third Anglo-American Aeronautical Conference 
Now Availalle 


Proceedings of the Joint Conference between the Royal Aeronautical Society and the Institute, held in Brighton last 
September, are now ready for distribution in England. These volumes contain all of the full-length papers and discussions 
presented at the Conference. Only a limited supply is available for distribution. 


Order Direct from 
The Royal Aeronautical Society 


London, W. 1, England 


(10% U.S. Customs Duty 
Payable upon receipt.) 
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Analysis of Redundant Structures by the 
Method of Elastic Poles—A. F. Ensrud. 


The Shock Ignition Engine—Frank F. Rand, 
Jr. 


Effect of Creep on Column Deflections— 
T. P. Higgins, Jr. 


Wing-Body Interference Effects on the Tail 
Contribution to the Damping-in-Roll of 
Supersonic Missiles—Haerold F. Stein- 
metz. 


Slender-Body Theory: Review and Exten- 
sions—Mac C. Adams and W. R. Sears. 


The Airplane Growth Factor and How to 
Control It—Ivan H. Driggs. 


Cockpit Design and Safety—William |. 
Stieglitz. 
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New Components for Air-Frame Construc- 
tion—Report of Progress—John F. 
Faulkner and John H. Alden. 


Fundamental Aspects of an Hydraulic- 
Type-Powered Flight Control System— 
Harold M. DeGroff, Ray C. Binder, 
John G. Truxal, and J. Robert Burnett. 


Liquid-Coupled Regenerators for Turbo- 
props—A. L. London and W. M. Kays. 


Structural Analysis of Swept, Low Aspect 
Ratio, Multispar Aircraft Wings—Hans 
Schuerch. 


Statistical Aspects of Dynamic Loads— 
Y. C. Fung. 


Theoretical Determination of the Minimum 
Drag of Airfoils at Supersonic Speeds— 
Robert T. Jones. 
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A Review of Certain Analysis Methods for 
Swept-Wing Structures—Max L. Wil- 
liams, Jr. 


Criteria for the Design, Assessment, and 
Control of Icing Protection Systems— 
D. Fraser, K. G. Pettit, and E. H. Bowler. 


A Method for Reducing the Analysis of 
Complex Redundant Structures to a 
Routine Procedure—L. B. Wehle, Jr., 
and Warner Lansing. 


The Effect of Nonuniform Surface Tem- 
perature on the Transient Aerodynamic 
Heating of Thin-Skinned Bodies—A. E. 
Bryson and R. H. Edwards. 


The Air-Line Pilots Look at Safety—W. W. 
Moss. 


Flutter Analysis of Complex Airplanes by 
Experimental Methods—E. Berkeley 
Kinnaman. 


Performance Data and Operating Experi- 
ence of a Pressure-Jet Helicopter—lgor 
B. Bensen. 


Storm and Clear Air Turbulence—An 
Analysis of the Problem and a Search for 
Solution—A. F. Merewether and F. C. 
White. 


Radomes and Aircraft Design—Ernest W. 
Schlieben. 


Simplified Laminar Boundary-Layer Calcu- 
lations for Bodies of Revolution and for 
Yawed Wings—N. Rott and L. F. Crab- 


tree. 


Design Limitations on Aircraft Antenna 
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On Weak Interaction of Strong Shock and 
Mach Waves Generated Downstream of 
the Shock—Boa-Teh Chu. 


Correlation of Some Longitudinal Dynamic 
Stability Characteristics of a Bell Heli- 
copter from Theory and Flight Tests— 
Edward Seckel. 


An Analysis of the Effect of a Power Boost 
System on Wing-Torsion Control Surface 
Flutter—Robert H. Barnes. 


Creep Buckling of Columns—Charles Li- 
bove. 


Cross-Country Soaring Criteria Based on 
Thermal Strength—B. H. Carmichael. 


Visualization of Flow Fields by Use of a 
Tuft Grid Technique—John D. Bird. 


The Effects on Dynamic Lateral Stability and 
Controllability of Large Artificial Varia- 
tions n the Rotary Stability Derivatives— 
R. O. Schade, O. B. Gates, Jr., and 
J.-L. Hassell, Jr. 


Diffuser Efficiency of Free-Jet Supersonic 
Wind Tunnels at Variable Test Chamber 
Pressure—Rudolf Hermann. 


Boundary-Layer Studies on a Sailplane— 
August Raspet. 


The Calculations of Spanwise Loadings for 
Oscillating Airfoils by Lifting-Line Tech- 
niques—M. A. Dengler and Martin 
Golend. 


Reduction of Gun-Gas Explosion Hazard 
in Combat Aircraft—J. J. Horan, J. R. 
Onderdonk, and E. Witkin. 
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Nearly four million square feet of floor space, em- 
ployment approaching 8000, and some of the most 
modern and complete jet-producing facilities in the 
world make up “Jet Center, U.S.A.,” the new General 
Electric plant at Lockland, Ohio. Dedicated on the 
tenth anniversary of the first American jet engine, 
this new jet giant will be a tremendous factor in the 
future of American aviation. 


Lockland provides for rapid expansion to meet na- 
tional emergencies as well as a foundation for peace 
time production. While its recent rapid growth has 
been due mainly to the demands of increased aircraft 
production, Lockland will remain to spearhead the 
progress of aviation and to bulwark national security. 


Features of the new plant are a new parts production 
building and a new engineering and administration 


SPECIAL “‘SUPER-CELLS” in development area can 
jets more powerful than any now in existence. 


house 


NEW MACHINE grinds gearsto tolerances of .0003 inches. 
Modern machinery like this speeds jet manufacture. 


LOCKLAND PRODUCTION ENGINES are tested in 33 fortress-like cells, Exhaust TEST CELL CONTROL ROOM is “floated” on rubber cush- 
‘stacks withstand 1000-+-F temperatures and have excellent sound absorption qualities. ions and suspended in air to insure instrument accuracy. 


JET CENTER, U.S.A. 


building, both recently completed, and a new Com- 
ponents Development Center now under construction. 
One large building, previously used for assembly of 
production engines, is now devoted to development 
work to bridge the difficult gap between experiment 
and production. Two huge new test cells, with a 
common control room, have been built especially 
large to accommodate engines of extremely high thrust 
ratings. 


During the fastest ten years in history, jet engines 
designed and developed by General Electric have 
powered more planes, set more records, and flown 
more hours than all other U.S. jets combined. Now, 
with this experience, a team of skilled workers and the 
new facilities available at Lockland, General Electric 
works for the future. 210-43 


You con put yous. in 
GENERAL @@) ELECTRIC 


q 4 
on 
| 


NDER the terrific vibration of aircraft engines, 
screws and nuts have a tendency to become 
loose. That’s why Army, Navy and Air Corps 
specifications call for safety wiring on engine 
mountings, instruments, gun sights, magnetos.. . 


every place on a plane where a screw or nut might 
shake loose. 


By simply drawing the lock wire through a small 
hole in each nut or screw, and then twisting tightly 
with pliers, a positive sure cure for the “shakes” 
is provided. 

Wire for this important function must be highly 
resistant to corrosion, tough enough to resist frac- 


NS 


NATIONAL- 


STANDARD 


Sure cure 
for the “shakes” 


turing under the heat and vibration of aircraft en- 
gines, and soft enough to twist with pliers for quick 
assembly and replacement of parts. Here at National- 
Standard we’ve developed a type of slow-annealed 
stainless steel wire to fully meet these exacting re- 
quirements. And we’re drawing millions of feet of 
this wire, not only for aircraft but also for many 
other automotive applications. 


Developing special wire for special purposes has 
been an important part of National-Standard’s busi- 
ness for more than 45 years. Perhaps our unique 
engineering and manufacturing facilities can help 
you with your wire and wire fabricating problems. 


DIVISIONS OF NATIONAL-STANDARD CO. 


ATHENIA STEEL. .Clifton, N. J........ccccceeeee. Flat, High Carbon, Cold Rolled Spring Steel 
NATIONAL-STANDARD. . Niles, Mich 


REYNOLDS WIRE. . Dixon, Ilinods 


WAGNER LITHO MACHINERY. . Jersey City, N. J.ccccccccccceeccceee Metal Decorating Equipment 
WORCESTER WIRE WORKS. . Worcester, Mass....... Round and Shaped Steel Wire, Small Sizes 
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On Heat Transfer over a Sweat-Cooled 
Surface in Laminar Compressible Flow with 
a Pressure Gradient 


By 
Morris Morduchow 
Polytechnic Institute of Brooklyn 


A simple expression is derived for the 
normal injection velocity distribution 
theoretically required to maintain a given 
uniform temperature along a porous sur- 
face in the laminar boundary-layer region 
of a compressible flow with a given velocity 
distribution outside of the boundary layer. 
This expression is valid for any given free 
stream Mach Number but is based on a 
Prandit Number of unity and on the as- 
sumption that the viscosity coefficient 
varies linearly with the temperature. 
By using the Dorodnitsyn type of trans- 
formation, the variation of fluid properties 


‘even in the case of zero Mach Number is 


taken into account. This study is of 
particular practical interest in connection 
with the sweat-cooling of turbine blades 
and of airfoil surfaces in high-speed flow. 
The method of analysis consists of apply- 
ing the K4irman-Pohlhausen method to 
both the momentum and energy boundary- 
layer equations and of using an additional 
heat balance equation, involving the cool- 
ant temperature. A closed-form approxi- 
mate solution of the equations is then 
derived. Numerical examples for flow 
in the immediate vicinity of a stagnation 
point and for a typical type of flow over a 
turbine blade are given. 


A Second-Order Solution for an Oscillating 
Two-Dimensional Supersonic Airfoil 


By 
Alexander Wylly 
The RAND Corporation 


This paper presents a second-order 
solution for the forces and moments pro- 
duced by an oscillating two-dimensional 
airfoil of arbitrary cross section. This 
solution, valid to the second order in angle 
of attack and thickness, is obtained by 
means of an iteration procedure. 

One part of this paper is concerned with 
the development of a linearized (or first- 


Summaries 


order) velocity potential, which is of 
suitable form for use in the iteration 
procedure. This velocity potential is 
developed as a power series approximation, 
in frequency, to the exact linearized 
solution. The first six terms of this series 
are shown to be within a few per cent of 
the complete linearized solution when the 
reduced frequency (@ = wC/8?V») is less 
than 1.3. 

The second part of this paper is devoted 
to the development of the second-order 
solution in angle of attack. This latter 
is developed with the use of the above- 
mentioned series approximation to the 
linearized solution, and, since the linearized 
solution valid to the second order in fre- 
quency was utilized in the iteration pro- 
cedure, the final solution is valid to the 
second order in angle of attack and fre- 
quency. 

The second-order terms were found to 
have a relatively strong influence on the 
final solution, particulary for the pitching 
moment. It will be seen that in many 
cases the second-order terms are larger 
in magnitude than the corresponding 
first-order terms and, thus, reverse the 
tendencies indicated by first-order theory. 
In particular, it was shown that the theo 
retical instability predicted by linearized 
theory for an airfoil of zero thickness 
is completely eliminated for an airfoil 
having a thickness ratio as small as 41/2 
per cent. 

The damping moment for a 7!/: per 
cent thick airfoil was compared with that 
given by British experimental test. The 
second-order solution is shown to be in 
much better agreement with the experi- 
mental data than is the linearized theory; 
however, the magnitudes of the damping 
moments predicted by second order theory 
are appreciably lower than those indicated 
by experiment. 


Analysis of Oval Rings by Fourier Series 


By 
Roland J. Benjamin 
University of Illinois 
The distinguishing feature of this method 
of analysis of thin oval rings is the rep- 
resentation of the shape of the ring by the 


use of Fourier series. By means of stand- 
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ard computational schemes, the coeffi- 
cients of Fourier series of sine and/or 
cosine terms may be so selected as to 
cause the graph of the function repre- 
sented by the series to approximate closely 
the shape of the ring under consideration. 

Once the ring has thus been represented 
by an analytical expression, any of the 
common strain energy methods may be 
employed in the solution of the problem. 
Because of its simplicity, the method of 
elastic weights is used herein, and a sample 
problem of a general oval ring subjected 
to concentrated loads is worked out. 

The possibilities of application of the 
method to fuselage ring design are pointed 
out by the solution of the problem of an 
elliptical ring subjected to a concentrated 
load and help in equilibrium by distrib- 
uted skin forces. 

The accuracy of the method, established 
by analyzing true elliptical rings whose 
solutions are already known, is high. To 
reduce computation, some of the higher 
harmonics of the Fourier series may be 
neglected with but negligible effect upon 
the result. 

The method is a general one and may be 
applied to rings having two, one, or no 
axes of symmetry. 


Flutter Analysis of Complex Airplanes by 
Experimental Methods 


By 
E. Berkeley Kinnaman 
Boeing Airplane Company 


The analysis of the flutter potentialities 
of a highly elastic airplane having a wing 
of high aspect ratio with large flexibly 
mounted concentrated masses distributed 
along the span has proved to be amenable 
to solution by the use of elastically and 
dynamically scaled wind-tunnel models. 
Experimental flutter testing at Boeing 
has progressed from a simple half-wing 
cantilever model of 1946 to today’s almost 
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completely scaled flutter models tested 
in reasonable simulation of free flight. 

Continued development of experimental 
flutter analysis techniques and correlation 
with full-scale flight testing and theory 
is needed to permit more accurate pre- 
dictions of the flutter characteristics of 
an airplane prior to the final design and 
flight stages. 
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Two-Dimensional Transient Motion and 
Flutter of a Wing Having Four Degrees of 
Freedom 


By 
Herbert Reismann and Gilbert C. Best 


Consolidated Vultee Aircraft 
Corporation 


This investigation formulates the flutter 
problem of a wing-aileron-tab combination 
with aerodynamic overhang in terms of a 
system of six linear ordinary differential 
equations of motion with constant coef- 
ficients. The are functions 
of the airplane parameters and may ulti- 
mately be expressed as functions of the 
forward speed of the airplane. An inves- 
tigation of the stability of the solution 
of this system of differential equations as a 
function of the forward speed will yield 
the flutter speed, as well as the flutter 
frequency. 


coefficients 


Two-Dimensional Airfoils at Moderate 
Hypersonic Velocities 
By 


William H. Dorrance 


Consolidated Vultee Aircraft 
Corporation 


Expressions for lift, drag, and pitching 
moment coefficients are derived for a large 
number of airfoil sections in two-dimen 
sional hypersonic flow. These expres- 
sions, differing from those obtained using 
linearized, second-order, and third-order- 
theories, can be used throughout a moder- 
ate range of hypersonic Mach Numbers. 
The fundamental parameter of these 
formulas is the two-dimensional hyper- 
sonic flow similarity parameter, K = Mo;. 
To obtain these expressions, the shock- 
Wave and expansion-wave equations for 
pressure ratios across waves are 
expanded in powers of K. Following this, 
it is shown that the first three terms so 
obtained for both wave types are prac- 
tically identical for values of K less than 
about 1.0. Further, it is shown that they 
closely approach the exact pressure ratio 
expressions. The application of the ex- 
pressions thus derived to various airfoil 
sections is then demonstrated, and a table 
of airfoil coefficients is presented. It is 
shown that the airfoil formulas can be 
applied to finite wings with reasonable 
accuracy for design estimations. 
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A Method for Reducing the Analysis of 
Complex Redundant Structures to a Routine 
Procedure 


By 
L. B. Wehle, Jr., and Warner Lansing 
Grumman Aircraft Engineering Corp. 


A general method based on minimum 
strain energy is given for the analysis of 
statically indeterminate structures. Matrix 
methods are used throughout. 

The procedure divides the work into 
three phases: (1) the writing of the equi- 
librium equations that determine the load 
distribution in the structure after it has 
been made statically determinate; (2) the 
tabulation of the flexibilities of the indi- 
vidual members comprising the structure; 
(3) the self-checking matrix operations, 
which can be performed in a routine man- 
ner. In connection with phase (2), for- 
mulas and curves are provided for some of 
the elements used most frequently in 
idealizing aircraft structures. 

The method has been applied at the 
design stage to various components of 
several modern aircraft. For purposes 
of demonstration, a simplified example is 
worked out in this paper. The structure 
representing the root portion of a swept- 
back wing, having taper in plan form and 
thickness and nonparallel tapered bulk- 
heads, is idealized, and its load distribu- 
tion and deformation characteristics are 
obtained. 
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The Development of Cascade Profiles for 
High Subsonic Potential Flows 


By 
Hsuan Yeh 
The Johns Hopkins University 


A method for developing cascade pro- 
files for high subsonic potential flows to 
satisfy prescribed inlet and exit flow condi- 
tions and approximately prescribed cascade 
solidity is given. The method is based 
on the assumption that the compressibil- 
ity of a gas can be represented by a linear 
pressure-volume relation (the Karman- 
Tsien approximation). It is shown that 
with the proper selection of this pressure- 
volume relation, the error in specific vol- 
ume in the linearizd gas as compared to 
an isentropic gas at the same velocity is 
less than 2 per cent of the isentropic stag- 
nation specific volume for Mach Numbers 
between aproximately 0.4 to 0.9. An 
example shows that this Mach Number 
range covers almost the entire length of 
the cascade profile for an inlet Mach 
Number of 0.7 and a deflection of 22°. 
The deviation of the fluid angle from the 
blade angle at exit and the influence of 
inlet Mach Numbers on deviation are 
found to be in substantial agreement with 
previous experimental results. 
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Incredible—pbut in less time than series 
the few minutes it takes to drink to the 
a cup of hot coffee a Lockheed squad 
Starfire (F-94C) can now ¢ 


Take off from a cold start— | fors 


. fash 
Climb 7 miles up in any 


The 
weather — 


Locate enemy bomber when 
automatically — first ¢ 


Destroy the invader, Shoo 


the 
without ever seeing it. used 


Furthermore, the 2-man crew | figh 
need never have seen the bomber [| othe 
they destroyed. In 
Today these all-weather jet in- ‘ 
terceptors are being delivered to | — 
the U.S. Air Force for 24-hour | tron 
duty guarding U.S. borders and , some 
key cities. It gives the Air Force | spec 
a fast-climbing jet fighter that is = 1 U.S 
almost automatic—forerunner of 
planes that may actually fly and 
fight by themselves. 
The Starfire’s brain center can 
locate invading bombers on the 
darkest, stormiest night. Its 
unique all-rocket armament can 
destroy the biggest bomber built. 
The Starfire is another example 
of Lockheed design “stretch” —an 
engineering achievement of creat- 
ing a more advanced model out of 
an existing airplane. This speeds 
development and production, 
also cuts cost. Forerunner of the 
Starfire is the Lockheed F-80 
Shooting Star of Korean fame. 
Lockheed is the world’s leading 
builder of jet aircraft. 
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Lockheed 


STARFIRE NEARLY 
AUTOMATIC FIGHTER 


On the opposite page you see illus- 
trated in action the nearly automatic 
Lockheed Starfire (F-94C) . This all- 
weather jet fighter is an electronics 
masterpiece with an interesting de- 
velopment history. 

The “C” is the third in the Starfire 
series and is now being delivered 
to the U. S. Air Force to augment 
squadrons of F-94A’s and F-94B’s 
now on 24-hour duty as protection 
for such key cities as New York and 
Washington. 


The evolution of the Starfire ac- 
tually dates from the spring of 1945, 
when Lockheed developed America’s 
first operational jet fighter, the F-80 
Shooting Star. From the F-80 came 
the T-33 two-place jet trainer now 
used to train 9 out of 10 U. S. jet 
fighter pilots (also pilots from 9 
other nations). 

In turn the T-33 was redesigned to 
incorporate the most advanced elec- 
tronic equipment known as well as 
some unknown devices that had to be 
specially invented. This became the 
U.S. Air Force’s F-94. Starfire, now 
developed to the point where it both 
flies and fights with more than hu- 
man accuracy. It has an all-rocket 
armament—no guns! 

Electronics innovations include the 
Westinghouse Autopilot and Sperry 
Zero Reader. It is one of the few 
fighter-type planes equipped with 
ILS (instrument landing system) for 
low-visibility landings. Starfires 
pack 1200 pounds of electronics, 
compared to 168 pounds of radio in 


the Lockheed P-38 of World War II. 


The Starfire is the first production 
aircraft to fly with the new Pratt & 
Whitney J-48-P-5 jet engine. Its after- 
burner provides extra power for 
rapid take-off and extra performance 
in battle. 

The F-94C is the largest of the orig- 
inal Lockheed jet series. The statis- 
tics: take-off weight, over 20,000 
pounds; length, 41 feet, 5 inches; 
wingspan, 37 feet, 6 inches; height, 
13 feet, 7 inches. 

A pioneer in the jet field, Lock- 
heed has produced more jet aircraft 
than any other manufacturer. 
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Investigation into the Operating Cycle of a 
Two-Dimensional Supersonic Wind Tunnel 


By 
G. V. Bull 


Institute of Aerophysics, University of 
Toronto 


The operating cycle of an intermittent 
supersonic wind tunnel, while probably 
recognized, has never been defined rigor- 
ously. In this paper, the wind-tunnel 
operating cycle is divided into five distinct 
phases based on the character of the flow 
along the wind-tunnel axis. These phases 
are, in cyclic order, the nonstationary 
starting phase, the  quasi-stationary 
starting phase, the stationary phase, the 
quasi-stationary closing phase, and the 
nonstationary closing phase. The first 
of the starting phases is treated both theo- 
retically and experimentally for the case of 
the opening valve located downstream 
from the working section and _ experi- 
mentally for the case of the valve located 
upstream from the nozzle throat. These 
theoretical studies are based on an assumed 
wave pattern (subsequent to the break- 
ing of the diaphragm), determined trom 
results of shock-tube investigations and 
by application of an approximate theory 
for the solution of two-dimensional non- 
stationary flow problems due to Guderley. 
The quasistationary starting phase is 
studied theoretically by extending the 
stationary supersonic-subsonic jet theory 
in which the jet exit static pressure is 
less than the pressure in the region into 
which the jet is issuing. The theoreti- 
cally postulated state of affairs during these 
phases is verified by obtaining experi- 
mentally a measured series of shadow- 
graphs and, thereby, determining the time 
history of the wind-tunnel starting proc- 
ess. The effect of condensation of water 
vapor on these phases is studied experi- 
mentally. 


A Mixing Theory for the Interaction Between 
Dissipative Flows and Nearly Isentropic 
Streams 


By 
Luigi Crocco and Lester Lees 
Princeton University 


By means of a simplified theoretical 
“‘model,” the present paper treats the 
general class of flow problems charac- 
terized by the interaction between a vis- 
cous, or dissipative, flow near the surface 
of a solid body or in its wake, and an 
“outer” nearly isentropic stream. For the 
present, the external flow is taken to be a 
plane, steady, supersonic flow, which 
makes a small angle with a plane surface 
or plane of symmetry, although the 
methods used can be extended to curved 
surfaces, to axially symmetric supersonic 
flows, and also to subsonic flows. The 
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internal dissipative flow is regarded as 
quasi-one-dimensional and parallel to the 
surface on the average, with a properly 
defined mean velocity and mean tempera- 
ture. The nonuniformity of the actual 
velocity distribution is taken into account 
only approximately, by means of a rela- 
tion between mean temperature and mean 
velocity. Mixing, or the transport of mo- 
mentum from outer stream to dissipative 
flow, is considered to be the fundamental 
physical process determining the pressure 
rise that can be supported by the flow. 
With the aid of this concept, a large 
number of flow problems is shown to be 
basically similar, such as boundary-layer 
shock-wave interaction, wake flow behind 
blunt-based bodies (base pressure prob- 
lem), flow separation in overexpanded su- 
personic nozzles, separation on wings and 
bodies, etc. 

When the mixing rate is taken to be 
proportional to the mass flux density of 
the isentropic stream, the equations of 
motion are reduced to a single, nonlinear 
ordinary differential equation that can 
be integrated numerically. An important 
property of this equation is the existence 
of a “critical point” for supersonic wake 
flows, and, also, under certain conditions, 
for supersonic flows directed toward a 
solid surface. This critical point acts 
much like the ‘throat’? of a. nozzle in 
determining the base pressure, for example, 
or, in some cases, the surface pressure 
distribution in a boundary-layer shock- 
wave interaction. One important reason 
for the marked difference between laminar 
and turbulent flows is the fact that the 
turbulent mixing rates are from five to 
ten times larger than the laminar mixing 
rates. 

By introducing several reasonable 
physical assumptions, a ‘‘simplified’”’ form 
of the mixing theory is developed par- 
ticularly for separated and reattaching 
flows and wake flows. Separating flows, 
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as well as reattaching flows, are found to 
be capable of supporting considerable 
pressure increases at high velocities. The 
maximum compression, as measured by 
the isentropic flow deflection, is roughly 
proportional to the square root of the 
mixing coefficient, and also to (M?—1)' 
where M is some average Mach Number. 
Thus, the pressure ratio increases rapidly 
with the Mach Number, or the base pres- 
sure ratio; for example, it decreases 
rapidly with increasing Mach Number. 
In separated flows the pressure gradient 
along the surface is a maximum at separa- 
tion and drops off steeply downstream; 
in reattaching flows, or wake flows, the 
pressure gradient is negligible some dis- 
tance upstream of the ‘reattachment point”’ 
and increases rapidly toward a maximum 
as this point is approached. The inflected 
surface pressure distribution observed in 
laminar boundary-layer shock-wave in- 
teractions with flow separation is now 
understandable, and the distribution itself 
can be calculated approximately. 

When the present mixing theory is 
applied to the problem of determining the 
base pressure for a supersonic airfoil with 
a blunt trailing edge, it gives the correct 
fluid-mechanical explanation of the ob- 
served phenomena. Qualitative agreement 
is found between the theoretical calcula- 
tions of the curve of base pressure versus 
Reynolds Number and the data of Chap- 
man and Bogdonoff on bodies of revolu- 
tion, and Chapman’s data on blunt trail- 
ing-edge airfoils. The theory is now being 
extended to axially symmetric supersonic 
flows. 

The results obtained in the base pres- 
sure problem for a_ supersonic airfoil 
with a blunt trailing edge open the way 
for application of the mixing theory to 
boundary-layer shock-wave interactions, 
boundary-layer separation, and 
other phenomena. 


many 
However, the depend- 
ence of the mixing rate and the mean 
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velocity-mean temperature relation for the 
dissipative flow region on the flow pa- 
rameters must be carefully investigated 
experimentally and theoretically and the 
results incorporated into the analysis. 


Partially Plastic Rotating Discs 


By 
Melvin Zaid 


Sperry Gyroscope 


Division, The 
Sperry Corporation 


The solution is obtained for the flat 
rotating disc in the plastic region. Strains 
are assumed to be small, and elastic com- 
pressibility is considered in order to avoid 
discontinuities at the elastic-plastic bound- 
ary. 

The distortion energy theory is used, 
and results are obtained for both strain 
and nonstrain hardening materials. 

Comparison is made to previous solu- 
tions based on the maximum shear theory 
and also to the numerical solutions ob- 
tained by Nadai and Donnell, all of which 
neglected elastic compressibility. 


On Curved Shocks in Steady Plane Flow of 
an Ideal Fluid 


By 
C. Truesdell 


Indiana University 


For inviscid fluid obeying an arbitrary 
equation of state, the jump in the velocity 
gradient across a curved shock in steady 
plane flow is calculated. The results are 
expressed in terms of dimensionless vari- 
ables. For the case of uniform oncoming 
flow, it is shown that the vorticity gener- 
ated by the shock isa function of curvature, 
strength, and shock angle only, being 
independent of the form of the equation 
of state. 
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A Skeptical Chemist Looks into the 


Grebe, John J., Atomic Energy—A pplied, Chemical and 
Engineering News, Vol. 29, p. 4154, October 8, 1951. 


* Wigner, E. P., Atomic Energy, Science, Vol. 108, No. 2811, 


(See also Schurr 
Princeton 


Taking 


November 12, 1948. 

16 Pryce, M. H. L., Atomic Power: 
Bulletin of Atomic Scientists, August, 1948. 

17 Simpson, O. C., Some Engineering Problems of Atomic 
Energy Research, meeting of American Society of Mechanical 
Engineers, Milwaukee, May 30-June 5, 1948. 

8 Lilienthal, David, Atomic Energy and American Industry, 
talk before Economic Club of Detroit, October 6, 1947. 
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_ These J-M Goetze Gaskets guard 
against fire hazard 
and power loss... 


Arrows point to J-M Goetze metallic gaskets on the 
inner and outer annulus, and their approximate location 
on the J33 turbojet engine turbine frame. 


eeeon powerful turbojet engines like the J33 


Scaling the inner and outer annulus 
on the J33 to prevent leakage of fuel 
and flame into the airframe is another 
example of the many tough, critical 
sealing jobs entrusted to Goetze 
custom-crafted metallic gaskets. 


For this particular service condi- 
tion, the Goetze gasket specified is 
made froma flat gasket design... with 
the metal on both edges rolled around 
an asbestos filler. This construction 
provides the resilience needed to 
overcome the warpage encountered 
in these applications. Like all Goetze 
gaskets, this style is precision-made 
to fit tight and stay tight in service. 


There is a Johns-Manville Goetze 
gasket for practically every jet air- 


JOUNS- 


JM 


Johns-Manville 


craft requirement. Goetze craftsmen 
can fabricate them in almost any shape 
or size for sealing igniters, compres- 
sor bleed-offs, cross ignition tubes, 
combustion chambers, fuel nozzles, 
turbine drain lines, etc. Backed by 
more than 60 years of Goetze “know- 
how,” these durable gaskets are solv- 
ing many of industry’s most complex 
sealing problems. 


Why not write for further informa- 
tion about Johns-Manville Goetze 
gaskets ...and other J-M flight-proved 
products for the aviation industry. 
Ask for your copy of Brochure AV-1A. 
Address Johns- Manville, Box 60, New 
York 16, N. Y. In Canada, 199 Bay 
Street, Toronto 1, Ontario. 


Close-up of J-M Goetze metallic gaskets 
used as inner and outer annulus gaskets 
on jet engine turbine frame. 


PRODUCTS for the 
AVIATION INDUSTRY 


PRODUCTS 
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.A.S. News (Continued from page 19) 


dynamic theory. Mr. Davies was the 
recipient of the Edward Busk Me- 
morial Prize for his paper on “Some 
Aspects of Flight Research.” 


|.A.S. Members Elected to 
Flight Safety Foundation's Board; 
Foundation Plans Expanded 
Safety Program 


Three I.A.S. members were recently 
elected to serve on the Board of 
Governors of Flight Safety Founda- 
tion, thus enlarging and strengthening 
that body. The newly elected mem- 
bers are: Theodore P. Wright, I.A.S. 
Past-President, Honorary Fellow, and 
Founder Member, Vice-President for 
Research, Cornell University, and 
President, Cornell Aeronautical Lab- 
oratory, Inc.; J. Carlton Ward, Jr., 
M.I.A.S., Chairman of the Board, 
Thompson Industries, Inc.; and Regi- 
nald M. Cleveland, A.M.I.A.S., In- 
dustrial Advertising Manager, The 
New York Times, and President, 
Greater New York Safety Council. 

The other members of the Board of 
Governors are: Richard T. Crane, 
A.M.IL.A.S.; Rear Adm. Luis de 
Florez, U.S.N.R., I.A.S. Fellow and 
Founder Member; Paul M. Fitts, Jr.; 
Melvin N. Gough, F.I.A.S.; William 
Barclay Harding, H.A.I.A.S.; Jerome 
F. Lederer, F.I.A.S.; Ross A. Mc- 
Farland, M.I.A.S.; David K. Morri- 
son; Charles A. Rheinstrom; Harold 
K. Rulison; Murray Sargent, Jr.; 
Ed. H. Smith; and Harper Wood- 
ward, A.M.I.A.S. 

Flight Safety Foundation recently 
put out a booklet entitled “Safety 
Has No Price Tag”’ for use in connec- 
tion with Flight Safety’s efforts to 
enhance the effectiveness of its work 
and to establish it on a sound basis 
of long-range planning and continuity. 
In this booklet, Flight Safety Founda- 
tion states: 

“The necessity for extensive dis- 
semination of statistics and informa- 
tion concerning flight safety is of 
greater importance today than ever 
before in the history of the industry. 

“In recognition of this fact the 
Foundation has been directed by its 
enlarged Board of Governors to pre- 
pare a program of expanded activity 
that, through broader scope of opera- 
tions, continuity, and cooperation, 
will provide benefits to the public and 
to all concerned commensurate with 
the great need that exists at this 
time.” 

The total cost of this program, as 
set forth in ‘Safety Has No Price 


Tag,” has been put at $200,000 for 
the first year. Accordingly, Flight 
Safety Foundation is seeking the 
financial support of the principal 
elements of the aviation industry, 
‘who will largely benefit from the 


adoption of this intense effort on 
behalf of safer flying.” 

Through one of Flight Safety's 
sponsors, the consulting: services of 
Joseph E. Lowes, Jr.,, have been 
secured. 


Necrology 


Richard L. Bartlett 


Richard L.° Bartlett, A.M.I.A.S., 
died during the month of April, 1952. 
He was 40 years of age: 

A native of Indianapolis, Ind., Mr. 
Bartlett completed high school in 
1930 and then entered Indiana Uni- 
versity. He left school the next 
year to enlist in the U.S. Navy where 
he remained until his discharge in the 
fall of 1935. During the next 4 years, 
he was in the employ of Consolidated 
Aircraft Corporation in capacities 
ranging from Dispatcher to Loftsman. 
In 1939, he was appointed Progress 
and Planning Director (on a civilian 
status) with the Assembly Division of 
the Naval Air Station, North Island, 
San Diego. During this latter period, 
he enrolled as an aeronautical engi- 
neering student in the University of 
California Extension at San Diego 
State College. 

In December, 1941, Mr. Bartlett 
was commissioned a Lieutenant (j.g.) 
in the U.S. Naval Reserve and placed 
on active duty. He was promoted to 
his final rank of Lieutenant Com- 
mander in October, 1945. With the 
exception of the year 1946, he re- 
mained with the Navy until he was 
discharged in 1950 during a Govern- 
ment retrenchment program. During 
1946, he served as civilian Head of the 
Metal and Machine Division of the 
Marine Corps installation at El Toro, 
Calif., and as Assistant Chief Inspec- 
tor of the War Assets Administra- 
tion’s San Diego Regional Office. 

After his 1950 discharge from the 
Navy, Mr. Bartlett became Engineer 
Liaison Representative between Bell 
Aircraft Corporation and Consoli- 
dated Vultee Aircraft Corporation’s 
Fort Worth Division. At the time of 
his death, he was Field Service: Engi- 
neer with AiResearch Manufacturing 
Company, Division of The Garrett 
Corporation. 

Mr. Bartlett is survived by his 
widow. 


John Edmund Hodgson 


John Edmund Hodgson, Honorary 
Librarian of the Royal Aeronautical 
Society since October, 1923, died on 
last April 10 at Milestones, Bid- 
borough, England. Mr. Hodgson had 
been in failing health during the 
previous year. 

Born in Anerley, Surrey, England, 
on April 11, 1875, Mr. Hodgson at 
tended Tunbridge School, England, 
and began his business career in 
Bickers, a book concern located in 
London’s Leicester Square. Within 
a short time, however, he joined the 
old family firm of Hodgson & Com- 
pay, Book Auctioneers, of which he 
ultimately became Senior Partner. 

Mr. Hodgson’s intense interest in 
books and in the words of which they 
are made led him in due time to writ- 
ing the history of aeronautics. Many 
of his works in this field were pub- 
lished either in book form or as mag- 
azine articles, but the one for which 
he is perhaps best known is ‘The 
History of Aeronautics in Great 
Britain, from the Earliest Times to 
the Latter Half of the Nineteenth 
Century,”’ which was published by the 
Oxford University Press in 1924 
He edited the ‘‘Aeronautical and Mis- 
cellaneous Note-Book of Sir George 
Cayley” and for the 12 months prior 
to his death had been working on a life 
of Sir George, as well as on a catalog of 
some Johnsoniana. 

A collection of old ballon prints and 
posters and other rare souvenirs of the 
early development of aviation in 
Great Britain, which Mr. Hodgson 
made over the years, became a per- 
manent exhibit of the Roval Aero- 
nautical Society in 1947. 

Mr, -Hodgson was an. Associate 
Fellow of the Institute of the Aero- 
nautical Sciences and an Honorary 
Fellow of the Royal Aeronautical 
Society. He is survived by his widow, 
Mrs. Norma Hodgson. 
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Military cities are built of Quonsets, tents, field hospitals, radar 
detectors, guns, supply units and countless other items of food, 
shelter and warfare. Thanks to the “Flying Boxcar,” military 
cities spring up overnight wherever troops dig in—though no 
roads and no bridges exist. Fairchild’s C-119 all-purpose trans- 
port delivers anything needed from the air! 


iTi Ss T AT AR E Speed, stamina, versatility—the “Flying Boxcar”’ has demon- 


strated them all over tough battle-torn Korea. Backbone of 


e the airlift, the Fairchild C-119 is number one all-purpose trans- 
e port for military operations of UN forces in Korea, in Europe 
Wy and in the United States. 


Hagerstown, Md. 


Other Divisions: Engine Division, Farmingdale, N. Y. Stratos Division, Bay Shore, L.|.,N. Y. Guided Missiles Division, Wyandanch, L. I., N. Y. 
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News of Members 


William B. Bergen (A.F.), Vice- 
President and Chief Engineer, The 
Glenn L. Martin Company, was 
elected the 1952 National Chairman 
of the Aircraft Technical Committee, 
Aircraft Industries Association of 
America, Inc. 


pHarold J. Carrick (M.), who until 
recently was Professor of Aeronautical 
Telecommunications and Air Traffic 
Control, Instituto Tecnologico Aero- 
nautica, Sao Jose dos Campos, Brazil, 
was appointed International Services 
Officer, Civil Aeronautics Administra- 
tion. In this capacity, Mr. Carrick 
is responsible for organizing and staff- 
ing Civil Aviation Missions assigned 
to foreign governments under Mutual 
Security Administration and Technical 
Co-operation Administration pro- 
grams. 

p»Dr. Chieh-Chien Chang (M.), who 
was recently awarded a fellowship by 
the John Simon Guggenheim Memorial 
Foundation, will leave for Europe in 
September to investigate the applica- 
tion of mathematics to aeronautical 
problems of high-speed aircraft and 
missiles. During the 1-year period 
of the Guggenheim grant, he will 
study in British universities and will 
lecture throughout England and other 
European countries. Dr. Chang is 
Associate Professor of Aeronautics, 
The Johns Hopkins University, and a 
Consultant with the U.S.A.F.’s Air Re- 
search and Development Command. 
pRear Admiral Luis de Florez, U.S.- 
N.R., LA.S. Fellow and Founder 
Member, was honored by the Wings 
Club at the May 14 luncheon for his 
years as a flyer. Admiral de Florez. 
who is Chairman of the Board of 
Directors of The de Florez Company, 
Inc., was given his first airplane 
flight angd instruction on May 14, 
1912. 

»Bernard Gross (M.), Director of 
Laboratories, Rohr Aircraft Corpora- 
tion, was elected Chairman of the 
Aircraft Research and Testing Com- 
mittee—Western Region, Aircraft In- 
dustries Association of America, Inc. 
p> Robert E. Gross (A.M.), President, 
Lockheed Aircraft Corporation, is 
serving on the 14-member Aircraft 
Industry Advisory Committee of the 
Munitions Board. 

pAndrew F. Haiduck (M.), Vice- 
President, Lear, Inc., assumed the 
duties of General Manager of Lear’s 
srand Rapids Division. Mr. Hai- 
duck was formerly General Manager 
of the Lear-Romec Division. 
»Frederic D. Jewett (M.), Super- 
visor— Design and Development, The 


Anglo-American Consultant 

Christopher Dykes (A.F.), of Great Britain, 
has entered the consulting field for both 
British and American firms in the aircraft 
industry. Accordingly, he has established 
himself as Consulting Aeronautical Engi- 
neer with offices at 31, Pembroke Gardens, 
London, W.8, England. It is his ultimate 
intention to advise on all phases of aircraft 
activity; however, at this time he will spe- 
cialize on air transport problems—e.g., the 
selection of new equipment. Mr. Dykes was 
Chief Development Engineer for British 
Overseas Airways Corporation. 


Resigns as Chairman 

Glenn L. Martin, I.A.S. Honorary Fellow, 
Founder Member, and Benefactor, has re- 
signed from the position of Chairman of the 
Board of The Glenn L. Martin Company. 
He continues, however, as a major stockholder 
and a member of the Board of Directors, 
holding the title of Honorary Chairman of 
the Board. Mr. Martin has been active in 
aircraft manufacturing since about 1907 
when he first began building gliders and 
pusher-type aircraft. Two years later, in 
1909, he established one of the first aircraft 
factories in the United States. He learned 
to fly in 1908 and holds F.A.I. Pilot Cer- 
tificate No. 56 and Expert Certificate No. 2. 


1932 


Glenn L. Martin Company, was 
elected Vice-Chairman of the Aircraft 
Research and Testing Committee 
Eastern Region, Aircraft Industries 
Association of America, Inc. 


>O. M. Mosier (A.M.), Vice-Presi- 
dent, American Airlines System, was 
installed as President of the Wings 
Club at a luncheon on May 14 which 
celebrated that organization’s tenth 
anniversary. 

> Wilbur C. Nelson (A.F.), Professor 
of Aeronautical Engineering, Univer- 
sity of Michigan, was appointed to 
serve on the university’s Centennial 
Committee, which-is composed of ten 
faculty members, each of whom repre- 
sents one of the ten departments in 
the College of Engineering. This 
group, headed by Prof. Stephen S. 
Attwood and aided by a five-member 
alumni advisory group, is making the 
necessary arrangements for the cen- 
tennial celebration of the inaugura- 
tion of engineering courses at the 
University of Michigan. A convoca- 
tion on October 23 and 24, 1953, will 
mark the opening of the centennial 
program. 


> Walter H. Setz (M.), Chairman, 
Committee on Participation in the 
1952 F.A.I. World Soaring Champion- 
ships, Soaring Society of America, 
was named by the S.S.A. to head the 
U.S. delegation to Madrid, Spain, 
June 30 to July 13. In addition to 
the soaring competition, this event 
included the annual meetings of the 
Organization. Scientifique et Tech- 
nique Internationale du Vol sans 
Moteur (O.S.T.I.V.) and the Soaring 
Commission of the Fédération Aéro- 
nautique Internationale (F.A.I.). 
Captain Ralph S. Barnaby, U.S.N. 
(Ret.), (F.), and Dr. Wolfgang B. 
Klemperer (F.), S.S.A. Directors, 
were also in attendance at the Madrid 
meetings. 


Members on the Move 


The purpose of this section is to pro- 
vide information concerning the latest af- 
filiations of I.A.S. members. All mem- 
bers are, therefore, urged to notify the 
News Editor of changes as soon as they 
occur. 


Second Lieutenant Richard W. 
Barber, U.S.A.F. (T.M.), 64th Fighter 
Interceptor Squadron, A.P.O. 942, 
c/o P.M., Seattle, Wash. Formerly, 
Aviation Cadet, U.S.A.F., James Con 
nally A.F.B., Tex. 

L. S. Barksdale (M.), President and 
Owner, Barksdale Manufacturing 
Corporation, Los Angeles. Formerly, 
Vice-President and General Manager, 
Saval Division, William R. Whittaker 
Company, Ltd. 
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Another new development using 


B. F. Goodrich Chemical ==": 


Seal made by Roth Rubber Co., Chicago, for Vapor Heating Corp., Chicago. 
B. F. Goodrich Chemical Co. supplies the Hycar rubber only, 


Hot steam handled from coach to coach 
— WITH HYCAR’S HELP! 


HAT flexible, metallic conduit 
pictured has a rough, tough job 
—carrying steam heated to 400°F., 
under 250 pounds pressure, for 
heating railroad coaches. 
Connected between cars, it has 
eight swivel joints to absorb jolts 
when the train rolls along. A seal 
at each joint must withstand the hot 
steam and vibration. And the seal 
manufacturer found that one made 
of Hycar, faced with asbestos, met 
all the severe requirements. 


A natural choice, too, for Hycar 


has advantages that make it ideal 
for rugged service like this. Hycar 
rubber compounds can be made 
resistant to heat and cold, yet re- 
main flexible and resilient under 
extreme temperatures. Hycar also 
resists water, weather, abrasion... 
gas, oil, many chemicals and more 
damaging factors. 

Hycar may be the answer to your 
product development or improve- 
ment problems—the way to better, 
more saleable products. For help- 


ful technical information on Hycar 


rubber compounds, please write 
Dept. HH-8, B. F. Goodrich Chem- 
ical Co., Rose Building, Cleveland 
15, Ohio. In Canada: Kitchener, 
Ont. Cable address: Goodchemco. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


Reg 0.5. Pat. Of 


Ry 


GEON polyvinyl materials e HYCAR American rubber e GOOD-RITE chemicals and plasticizers e HARMON organic colors 
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Zelmar Barson (T.M.), Project 
Engineer, Aircooled Motors, Inc. For- 
merly, Aeronautical Research Scien- 
tist, Lewis Flight Propulsion Labora- 
tory, N.A.C.A. 

Olav Eggert Blichner (T.M.), Aero- 
dynamicist, Norwegian Defence Re- 
search Establishment, Norway.  For- 
merly, Graduate Student, University 
of Minnesota. 

Commander Chester A. Briggs, 
U.S.N. (M.), Director, Experimental 
Program Division, Bureau of Aero- 


nautics, Department of the Navy, 
Washington, D. C. Formerly. Exec- 
utive Assistant to the Manager, 


Naval Air Factory, Philadelphia, Pa. 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


ENGINEERING 


T. A. Cheatham, Jr. (T.M.), Pilot, 
Pan American World Airways, Inc., 
Edificio Panair, Aeroporto Santos 
Dumont, Rio de Janeiro, Brazil. 
Formerly, Pilot, Pan American World 
Airways, New York. 


Shih-Fei Chiang (T.M.), Project 
Engineer, RCA Victor Division, Radio 
Corporation of America. Formerly, 
Student, University of California. 


Hamilton Daughaday (M.), Head, 
Helicopter Research Section, Aero- 
Mechanics Department, Cornell Aero- 
nautical Laboratory, Inc. Formerly, 
Engineer, Helicopter Research Section, 
Cornell Aeronautical Laboratory. 


wed w MANY SERVICES 


MOTORS 


REVIEW—AUGUST, 


¢ Typical of the fields in which 
Lamb Electric Motors have gained 
a reputation for outstanding per- 
formance, are aircraft components, 
business machines, industrial and 
commercial equipment, household 
appliances, machine tools and 
portable electric tools. 


Back of the good performance of 
Lamb Electric Motors is the fact that 
each motor is designed for a par- 
ticular product or device, thereby 
insuring exact mechanical and 
electrical requirements. 


In addition to providing depend- 
ability, this special engineering 
usually results in savings in space, 
weight and cost factor. 


The Lamb Electric Company 
Kent, Ohio 


THEY'RE POWERING 


AMERICA'S Finest PRODUCTS 


Geared head motor with re- 
versing switch, adaptable to 
many heavy-duty, slow-speed 
applications. 


Motor with high horsepower to 
low weight factor for either 
direct drive or use with ex- 
ternal gear reduction. 


SPECIAL APPLICATION 
FRACTIONAL HORSEPOWER 


MOTORS 


1952 


Mario Di Giovanni (M.), Chief Engi 
neer, Statham Laboratories. For 
merly, Chief Engineer and Vice-Presi 
dent, Robert Mayer Associates. 

Roger D. Elliot (M.), Research 
Engineer “‘A,”’ Special Weapons Divi 
sion, Northrop Aircraft, Inc. For 
merly, Research Engineer ‘‘A,’’ Atomic 
Energy Division, North 
Aviation, Inc. 

Orren Y. Evans (T.M.), 
Analyst, Consultants & 


American 


Stress 
Designers. 


Formerly, Draftsman ‘‘A,’’ Allen 
Engineering Corporation. 
Walter M. Fitch (A.M., H.A.), 


now B-47 Research Analyst, Methods 
Engineering, and Member, Materials 
Review Board, Wichita 
Boeing Airplane Company. 


Theodore J. Gordon (T.M.), Engi- 
neer, Gas Dynamic Facility, Arnold 
Engineering Center, ARO, Inc. 
merly, Graduate Assistant, 
ment of Aeronautics, 
stitute of Technology. 


Jack L. Kirk (T.M.), Executive 
Engineer, Quality Control and Serv- 
ice Engineering Requirements Divi 
sion, Beech Aircraft Corporation 
Formerly, Field Service Representa 
tive, Wichita Division, 
plane Company. 

Joseph I. Krebes (T.M.), now 
Manufacturing Engineer, Victor Add 
ing Machine Company. 

Dave E. Lukens (M.), Sales Man- 
ager, Pachmayr Gun Works. For 
merly, Supervisor, Outside Produc 
tion, Cessna Aircraft Company. 


Division, 


For- 
Depart 
Georgia In 


Boeing Air- 


Archie Mooradian (T.M.), Engi- 
neering Draftsman ‘‘A,’’ Northrop 
Aircraft, Inc. Formerly, 729th 
Bomb S$q., 452 Bomb. Wing, L 
A.P.O. 950, c/o P.M., San Francisco. 

Ensign Thurber A. Outlaw, Jr., 
U.S.N.R. 


(T.M.), Assistant Project 
Officer, Missile Division II, N.A. 
M.T.C., Point Mugu, Calif. For 
merly, Aeronautical Engineer, Air 
frames Branch, Aeronautical Engi 


neering Group, Overhaul and Repair 
Department, Naval Air Station, 
Corpus Christi, Tex. 

Major S. A. Oviatt (M.), Manager 

Sales Engineering, Kentanium 
Products, Kennametal, Inc. For 
merly, Account Executive, Gardner 
Displays Company. 

Miss Ruth Mary Petry (M.), Re- 
search Assistant and Staff Member, 
Operations Research Office, The Johns 
Hopkins University. Formerly, Exec 
utive Crash Injury Re 
search, Cornell Medical College, New 
York. 

Rogerio da Silva Rego 
Assistant to the 
intendent, Ford 


Assistant, 


(T.M.), 
Producti supe 
roduction Super 
Motor Company 
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Export, Inc., Brazil, S.A. Formerly, 
Chief of Production Inspection at 
Sao Paulo Air Depot, Parque de 
Aeronautica de Sao Paulo, Brazil, 
S.A. 

Joseph T. Santy (T.M.), Junior 
Engineer, Production Engineering 
Group, Kaiser Metal Products Com- 
pany. Formerly Mathematician 
‘‘B,”’ North American Aviation, Inc. 

Kelsey Walker, Jr. (T.M.), Aero- 
dynamicist, Aerodynamics Research 
Group, Douglas Aircraft Company, 


LAS. NEWS 


Inc. Formerly, Research and Teach- 
ing Assistant and Graduate Student, 
Massachusetts Institute of Technol- 
ogy. 

Robert H. Wendt (A.F.), Vice- 
President, Kekhaefer Aeromarine 
Motors, Inc. Formerly Vice-Presi- 
dent and General Manager, Aircraft 
Division, Globe Corporation. 

R. J. B. Woodhams (M.), Chief 
Designer, Air Service Training Ltd., 
England. Formerly, Assistant Chief 
Designer, A.S.T. Ltd. 


Corporate Member News 


e Aluminum Company of America...A 
German-made 15,000-ton forge press, on 
lease from the U.S. Air Force, is now in 
operation at Alcoa’s Cleveland Works 
for the production of large aluminum and 
magnesium forgings for aircraft. This 
press was constructed in the early part of 
World War II by Schloemann Company 
of Dusseldorf, Germany, for use in that 
nation’s wartime light-alloy industry. 
It was installed in the Hanover, Germany, 
plant of Vereinigte Leichtmetall Company 
where it was used to turn out forged 
aluminum-magnesium aircraft parts. The 
press was ultimately dismantled and 
shipped to this country through the efforts 
of the U.S.A.F., previous arrangements 
having been made with Alcoa for its in- 
stallation at Cleveland. The press, com- 
pletely overhauled and refinished through- 
out, is a thoroughly modern machine 
supported with the best of heating and 
handling facilities. This press is part of a 
$13,200,000 expansion program to enlarge 
the Cleveland Forge Plant...Matt. W. 
Stanley was recently appointed to the 
position of Assistant Treasurer. He will 
also act as General Assistant to the Alcoa 
Vice-President. 

Bell Aircraft Corporation... Production 
of military and commercial helicopters 
began during May at the Bell Helicopter 
Division’s new $7,000,000 plant at Hurst, 
Tex., from which all production and 
acceptance flight tests are scheduled to be 
made. The formal inspection of this 
plant, believed by Bell to be the first plant 
in the country built specifically for heli- 
copter production, was held on June 6. 
Ground-breaking ceremonies on this site 
were conducted on May 21, 1951. The 
Bell plants at Saginaw, Mich., and at 
North Fort Worth, Tex., will operate as 
supporting facilities for the Hurst plant. 

Canadair Ltd.... Roger I. Harris was 
elected a Vice-President and Counsel of 
General Dynamics Corporation and Assist- 
ant to the Chairman of the Board of 
Canadair, a subsidiary of General Dy- 
namics (formerly, Electric Boat Com- 
pany). 

@ Consolidated Vultee Aircraft Corpora- 
tion... The new $3,000,000 Convair Engi- 
neering Center in San Diego was forinally 
dedicated on May 28. This building, the 
construction of which was started in June 
of 1951 and was completed 6 months later, 
houses thousands of engineering and tech- 


nical personnel engaged in design, re- 
search, and development of aircraft, 
guided missiles, electronics, and related 
products....The U.S.A.F. has ordered 
“a fleet’? of T-29D bombardier training 
aircraft. This latest T-29 modification 
is based on the design of the T-29B and 
will be powered by two Pratt & Whitney 
2,500-hp engines. The gross weight of 
the “D”’ will be over 40,000 Ibs. 

Continental Motors Corporation... 
Clarence J. Reese, President of the 
corporation, was recently elected a Direc- 
tor of Lear, Incorporated. 

@ Douglas Aircraft Company, Inc.... 
According to a recent announcement, 
approximately 88 per cent of the skin on 
the Douglas DC-7 engine nacelles will 
consist of titanium sheet. Areas in which 
titanium will be utilized include the struc- 
tural covering of the aft nacelles, some 
frames, and the landing-gear doors. Un- 
alloyed titanium will also be used for 
firewall webbs....Construction on a jet- 
silencer inclosure at the El Segundo 
Plant is expected to be completed by this 
September. The inclosure, 80 ft. long and 
60 ft. wide, is being made of reinforced 
concrete and will accommodate full-scale 
airplanes as large as the A3D with its wings 
folded. 

e@ Fairchild Aircraft Division, Fairchild 
Engine and Airplane Corporation. ..The 
C-119H, the newest in the Flying Boxcar 
series, took off on May 27 for its initial 
flight-test program. The C-119H incor- 
porates various new features, such as re- 
designed wing, rough-field landing gear, 
exterior fuel pods, greater pay load, longer 
range, shorter take-off and landing char- 
acteristics, and lower paradrop§ and 
touch-down speeds. The C-119H is 
powered by two Wright R-3350-30W 
compound engines, each of which develops 
3,500 hp. 

e The B. F. Goodrich Company... An Air 
Force test program on a new jet-aircraft 
tire has been completed. With landings 
simulated at speeds up to 250 m.p.h., 
this new tire was still good after 50 land- 
ings. This new product is patterned after 
the new tubeless passenger-car_ tires 
recently announced. 


e Hamilton Standard Division, United 
Aircraft Corporation. ..A simple ceremony 
to symbolize the start of manufacturing 
operations in Hamilton Standard’s new 


59 


plant at Windsor Locks, Conn., was held 
on May 29. The moving of personnel 
and equipment was begun on last April 
16 and was completed in July. The new 
plant, for which ground was broken on 
April 19, 1951, contains some 880,000 sq. 
ft. This is Hamilton Standard’s fifth 
move to new and larger quarters since it 
was first established in 1919 as Standard 
Steel Propeller Corporation in the Brush- 
ton section of Pittsburgh, Pa. 


@ Harvey Machine Company, Inc.... 
New quarters for Harvey Aluminum, a 
Division of Harvey Machine Company, 
have been opened in the Pure Oil Building, 
35 E. Wacker Drive, Chicago. 

Jack & Heintz, Inc... .The recently re- 
leased Technical Bulletin No. 1200 gives 
complete model data on Jack & Heintz 
generators and alternators. It also de- 
scribes types of cooling systems used in 
these generators and alternators for air- 
craft, guided missiles, tanks, and ground 
power units. This 8-page bulletin is 
obtainable free of charge by writing to the 
company. 

© Lear, Incorporated. ..Clarence J. Reese 
and Joseph H. McMullen were elected 
members of the Board of Directors at a 
recent shareholders’ meeting. Mr. Reese 
is President of Continental! Motors Cor- 
poration; Mr. McMullen is a Senior 
Partner of McMullen, Park, & Hard, 
members of the New York Stock Ex- 
change....At a recent meeting of the 
Board of Directors, Fred Harrison, of the 
company’s diviston in Los Angeles, was 
elected as an Assistant Secretary. 


@ Lockheed Aircraft Corporation... Air- 
craft deicing equipment, said by the 
company, to.be ‘“‘revolutionary,’’ has been 
developed at Lockheed and is now under- 
going flight testing. Made of metal, 
these new deicing. boots incorporate an 
improved electrical design that can apply 
up to 75 watts per sq.in. The new metal 
boots can be used on both the wing and 
tail surfaces of military and commercial 
aircraft... . Following 2 years of research 
and tests of rivetless techniques of fasten- 
ing metal parts together, a production 
department that would specialize in metal 
bonding is being pianned....The. con- 
struction of a $1,300,000 factory for the 
final assembly of F-94 aircraft was sched- 
uled to get under way soinetinie around 
the latter part of June. The site for this 
new structure is adjoining Lockheed’s 
flight-test and delivery station at the 
U.S.A.F.’s proposed Palmdale jet center. 
Production here is scheduled to begin 
about March, 1952, after which compo- 
nent air-frame parts of the F-94 will be 
trucked to Palmdale from Burbank for 
final assembly. 


@ Minneapolis-Honeywell Regulator 
Company...Available on request from 
Honeywell's Aeronautical Division in 
Minneapolis is a new illustrated catalog 
that describes company-manufactured elec- 
trical connectors for the aircraft and other 
industries. 


e@ Northrop Aircraft, Inc....The new 
153,000-sq.ft. final assembly building at 
Hawthorne, Calif., which was occupied 
last May several weeks ahead of the 
scheduled date, features a double assembly 
line for turning out F-89C’s. This build- 
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ing is a part of a 30 per cent expansion of of mach 
Northrop’s manufacturing facilities which 


: can firn 
was underwritten jointly by the U.S.A.F. BIR I ( H lf R > bed med 
and the company for approximately 


as Spel 


FOR 
& 
ordered from Douglas Aircraft Company, under all Vibration, 
e eC Onl Inc., with delivery expected wept in 1954. : 
Each will carry a pay load of 25,000 Ibs. Impact and 


in transoceanic service Robert L. Ham- 


used fo 
$5,300,000. Other parts of this expansion : j-47 en 
program include a _ tooling building, availab 
foundry, hangar, fuel-test building, and two , Diego, 
mezzanines added to existing buildings. bellows 
e Pan American World Airways, Inc. Hold Tubes in Sockets } The 
Three DC-6A cargo airplanes have been ; ment 0 


s 
hh ts f | ill, who has been a Partner of Sanderson Climatic 
& Porter since 1929, was elected a Director i+ 
0 spo S$! of Pan American. : Conditions 
@ Rohr Aircraft Corporation...A stand- 
= @, by credit of $7,000,000 has been arranged 
| --- under an agreement with six banks guar- 
anteed by the U.S.A.F. The credit ex- §3 
pires on November 1, 1953. VARIATIONS ns 
© Scintilla Magneto Division, Bendix FOR 
Aviation Corporation. .. A new device that 
MODEL 219 is said to soe successfully spin and STANDARD Sper, 
creep of the outer race of a floating bear- TUBES who h 
ing has been announced. The Anti- formé 
e Rotation Device, composed of a waved a 
American steel spring and a molded rubber ring, i ee 
designed to prevent outer-race rotation aN : 
. and thus eliminate damage resulting from Corp 
| t this action. This Anti-Rotation Device conti 
ec ric is applicable to many fields (such as air- Mors 
craft accessories, high-speed hand tools, of it 
Variable Frequency electric motors, and other power tools) = 
: and is available for use with most popular- NEW a 
sized millimeter bearings dent 
MOTO R- e@ Simmonds Aerocessories, Inc....G. J. CLAMP piri 
(Gerry) McCaul has been promoted to the FOR } Pet 
position of General Contracts Manager 
BLOWE RS a is in charge of the gene ~sieee MINIATURE } 
offices located in Glendale, Calif.; Dayton, pan 
Ohio; Dallas, Tex.; ; an Washington, Pre 
D.C. Prior to joining Simmonds in 1948, ws 
Mr. McCaul was with the U.S.A-F., Spe 
Allison Division of General Motors Cor- t M1] 
poration, and Taylor Turbine Corpora- Ma 
tion. 
@ Solar Aircraft Company... A new tooth- put 
less sawing method to reduce industrial , Spe 
accident, to save industry vast sums for You can’t shake, pull Or rotate a tube a 
MODEL 220 expensive saw blades, and to reduce the out of place when it’s secured by a Fo 
use of scarce strategic metals in the Birtcher Tube Clamp. The tube is dia 
TWO BLOWER TYPES: making of new saw bl ides has been de- there to stay. Made of Stainless Steel, Th 
Single or double ended. veloped by Solar. The process is being the Birtcher Tube Clamp is imper- un 
electronic equipment aboard air- It involves using ordinary steel box BIRTCHER TUBE — e 
craft. Unique design insures mini- strapping without teeth as blades to saw be used in the most con GAS spaces D: 
mum watts loss over full frequency stainless steel and other high-alloy sheets. of any compact electronic device. ye 
range of 320 to 1000 cycles. Although only preliminary studies of the Added Stray Capacity 1s kept at a ot 
In spite of wide frequency varia- new technique have been made, early minimum. Weight of tube clamp is te 
tions, the cfm output remains es- teats show: (1) that enw blades without negligible. : 
teeth, made of cheape: materials than Millions of Birtcher Tube Clamps A 
providing additional veloc: saw Dindes and without the are in use in all parts of the world. | 
ity of cooling air. strategic element content of the latter, They're recommended for all types B 
will last for amazingly long periods when all 
AIR DELIVERY: Blower heads compared with ordinary saw blades; (2) TUDES: OF OF 
available for any direction of air that the toothless blades can cut stainless sub-chassis mounted. 1 
delivery. steel and high-alloy steels and have satis- THERE’S A BIRTCHER TUBE CLAMP 7 
Write for literature! factorily cut tool bits, files, and cobalt FOR EVERY STANDARD AND 
steel. The company says that the tooth- MINIATURE TUBE! : 
less blades work best at high speed and , : 
have been tested thus far only on band Write for samples, catalogue and price lists. , 
MERICAN saws... e-ton Ceruti horizontal bor- 
: eles 2 ing mill, which was shipped from Italy THE BIRTCHER CORPORATION 
to San Diego, has been loaned to Solar by 4371 Valley Bivd. 


the U.S.A.F., pending company receipt Los Angeles 32, Calif. 
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of machine tools now on order with Ameri- 
can firms. This boring mill, which has a 
bed measuring 74 by 40 in., is now being 
used for the production of parts for the 
J-47 engine....A new descriptive folder, 
available upon request from Solar in San 
Diego, outlines the company’s aircraft 
bellows designs and applications. 
eThe Sperry Corporation...The retire- 
ment of Thomas A. Morgan, A.M.I.A.S., 
as Sperry’s Chairman of the Board and 
President was an- 
nounced on May 
21. These posts 
formerly held by 
Mr. Morgan have 
been filled by E. A. 
Pierce and H. F. 
Vickers, M.I.A.S., 
who were elected 
Chairman of the 
Board and Presi- 
dent, respectively, 
at the May 2lorgan- 
izational meeting of 
Sperry’s Board of Directors. Mr. Pierce, 
who has been a Director of Sperry since its 
formation in 1933, is a partner in Merrill, 
Lynch, Pierce, Fenner & Beane. Mr. 
Vickers is Founder and President of 
Vickers, Inc., a subsidiary of The Sperry 
Corporation since 1937. Mr. Vickers is 
continuing as Vickers’ President. Mr. 
Morgan is remaining with Sperry as one 
of its Directors. John Sanderson, for- 
merly Vice-President for Finance and 
Treasurer, was elected Senior Vice-Presi- 
dent and Treasurer. A Finance Com- 
mittee of the Board of Directors was also 
appointed and is composed of J. Cheever 
Cowdin, Chairman; I. J. Harvey, Jr.; 
Mr. Pierce; Mr. Vickers; and Mr. San- 
derson. Elected Vice-Presidents of the 
parent company are C. M. Green, Vice- 
President and General Manager of Sperry 
Gyroscope Company, Division of The 
Sperry Corporation, and Kenneth Herman 
M.I.A.S., Vice-President and General 
Manager and a Director of Vickers, Inc. 
.A new bombing navigational com- 
puter, developed and manufactured by 
Sperry Gyroscope, was displayed to the 
public at Mitchel Air Force Base on Armed 
Forces Day. Informative meters and 
dials were, of course, masked from view. 
This device, in combination with a radar 
unit and periscope, navigates high-speed 
bombers to any desired target, seen or 
unseen, and bombs it accurately. 
e@ Standard Oil Company (Indiana)... 
David Graham, Financial Vice-President, 
and John E. Swearingen, General Manager 
of Production, were recently elected Direc- 
tors of the company. 


@ Stratos Division, Fairchild Engine and 
Airplane Corporation...The new Stratos 
plant at Manor Lane and Orinoco Drive, 
Bay Shore, L.I., N.Y., was put into opera- 
tion on June 9. The test section of this 
140,000-sq.ft. plant, the cornerstone of 
which was laid in July, 1951, contains 27 
test cells that permit the simulation of 
altitude conditions equal to those en- 
countered at 55,000 ft. The compressed 
air capacity is 400 lbs. per min. at pres- 
sures up to 300 Ibs. per sq.in. 

© Thompson Products, Inc... . The annual 
awarding of ten scholarships to students 
of Case Institute of Technology has been 


H. F. Vickers 


announced. Each one of the _ scholar- 
ships provides the full amount of a year’s 
tuition at Case plus the opportunity for 
summer employment at Thompson at 
current wage rates. The winners of the 
ten scholarships are selected each June, 
the first ones having been named this 
past June. When this program is in full 
operation, Thompson plans to award 
scholarships to four Case seniors, three 
juniors, two sophomores, and one fresh- 
man. The scholarships are renewable 
annually to current holders until gradua- 
tion if the work and study performance 
meets the standards of the plan. 


e Trans World Airlines, Inc....A new 
sales office has been opened in Tokyo, 
Japan. The territory served by this 
office includes the Philippines, Formosa, 
and Okinawa, as well as Japan....T.W.A. 
has announced the opening of an office in 
Hong Kong, China. 

@ Vickers, Inc....A new feature incorpo- 
rable in automatically pressure-compen- 
sated variable-delivery pumps has been 
announced. The company claims that 
now, when hydraulic power is not re- 
quired during an intermittent duty opera- 
tion, it is possible to depressurize the 
system by shutting off the pump by means 
of an electrical signal. When the pump 
is depressurized, input power to the 
pump is negligible and engine power and 
fuel savings are marked. There is no need 
in this particular design for mechanical 


Tow Target by Goodyear 
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clutches or disconnects. The sizes of these 
electrically depressurized 3,000-lbs.-per- 
sq.in. hydraulic pumps range from 0.32 
gals. per min. at 1,500 r.p.m. to 23.8 
gals. per min. at 1,500 r._p.m. A descrip- 
tion of these new pumps is contained in 
Bulletin A5202. 


© Westinghouse Electric Corporation... 
An anechoic chamber to enable research 
engineers to study the source, cause, and 
measurement of noise has been built into 
Westinghouse’s new sound laboratory 
located in a suburban area of Pittsburgh. 
An insulating material fabricated from 
glass wool and shaped in the form of 
wedges, each measuring 8 by 24 in. at the 
base and 3¢4 in. in length, covers the walls, 
ceiling, and floor of this echoless room in a 
checkerboard pattern. (The wedges are 
in groups of three. Thus, a group of three 
horizontally set wedges is surrounded in 
checkerboard style by groups of three 
vertically set wedges, and vice versa.) 
A sound level within the room of 10 to 15 
db. is anticipated; the nocturnal noise 
level in the adjacent residential area runs 
between 25 and 30 db..°.A redesigned 
high-intensity runway light (HL) for out- 
lining airport runways during night and 
bad-weather landings is now available. 
It operates from three independent 6.6- 
amp. series circuits and has a medium- 
intensity light in the top element and one 
of high intensity in each end....Ground 
was broken recently for a $6,000,000 


An artist’s conception of a “radically new and improved’”’ tow target for jet-fighter gunnery 
practice shows the parachute-landing technique by which the new 30-ft. all-metal target may 
be returned to its base for further use. Under a U.S.A.F. contract that entails a year’s 
program, Goodyear Tire & Rubber Company's Goodyear Aircraft Corporation is designing, 
developing, building, and testing several prototype tow targets capable of operation at high 
subsonic speeds and high altitudes. The target will be able to be towed as far as 2 miles 
behind its medium jet-bomber towplane. A control system to be employed will permit the 
target to perform evasive maneuvers either automatically or by direct control from the towplane. 
The work is being conducted in Goodyear’s Aerophysics Department in cooperation with the 
Armament and Tow Target Unit, Equipment Laboratory, Wright Air Development Center, 


U.S.A.F., Dayton, Ohio. 
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Gyro Offers 2-Second Caging 


A new-type cageable vertical gyro, introduced by Minneapolis-Honeywell Regulator Com- 
pany, as a 2-sec. caging time and a special tumbling-pin construction that is said to permit 
unlimited freedom of rotation about the outer gimbal axis and a +85° of rotation about its 


inner gimbal axis. 


Accordingly, this gyro ostensibly allows nearly unlimited aircraft maneu- 
vering without the loss of its vertical reference. 


The instrument is applicable to autopilot 


systems, missile guidance, and radar-scanning stabilization and, with modifications, can be 


used as a directional gyro. 


steam- and gas-turbine development lab- 
oratory at Westinghouse’s South Phil- 
adelphia Works. Construction will begin 
late this summer and will be completed in 
about year....A new multimillion- 
dollar plant for the manufacture of watt- 


|.A.S. 


Baltimore Section 
M. Francis Taylor, Secretary 


The thirty-sixth meeting of the 
Baltimore Section was held on April 
22 at The Johns Hopkins University. 

The chairman called the meeting to 
order at 8:35 p.m. There were 
approximately 60 members and guests 
present. The secretary gave a brief 
résumé of the minutes of the previous 
meeting. No treasurer’s report was 
available. At the request of Mr. 
Jewett, Chairman of the Nominating 
Committee, O. J. Schaefer presented 
the listof nominations. Noadditiona! 
nominations were offered from the 
membership. A motion was duly 
made, seconded, and approved by 
voice vote that the nominations be 
closed. The chairman requested all 
committee chairmen to present a 
written report of activities and any 
recommendations at the next meeting. 
It was again emphasized that our 
June meeting is to be a bang-up affair 


hour electric meters is being constructed 
at Raleigh, N.C. This plant, which will 
contain more than 500,000 sq.ft., is part 
of Westinghouse’s $296,000,000 expansion 
program, the second such undertaking 
since World War II 


Sections 


-cocktails, dinner, and Rear Adm. 
C. M. Bolster, Chief of Naval Re- 
search, to speak. 

The chairman introduced the first 
speaker of the evening, L. E. Wood, 
Chief Engineer, Friez Instrument 
Division, Bendix Aviation Corpora- 
tion. Mr. Wood used as his subject, 
“High Altitude Sounding System.” 
The speaker's summary of his talk 
follows: 

“The use of radiosondes for making 
high-altitude soundings of atmospheric 
pressure, temperature, and humidity 
has been in use on a regular basis for 
approximately 15 years and the pres 
ent state of the art is well illustrated 
by a description of the 1,680-mce. 
system currently in production for and 
used by the armed services. 

“This radiosonde employs a 1,680 
me. oscillator modulated by a block 
ing oscillator having a nominal fre 
quency range of 10 to 200 cycles per 
sec. Meteorological intelligence is 
transmitted by means of an aneroid 
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baroswitch which serves the two func- 
tions of measuring pressure and 
switching temperature, humidity, and 
reference circuits into the blocking 
oscillator grid circuit. The trans- 
mitted signal, therefore, consists of an 
essentially continuous 1,680-me. signal 
suitable for direction finding, modu- 
lated with pulses of about 80-micro- 
sec. duration at a blocking oscillator 
rate indicative of pressure, tempera- 
ture, and humidity measurements. 

“The temperature and humidity 
measurements are made by means of 
a thermistor and an electrolytic re- 
sistor, respectively, whose resistances 
change with the elements in question. 

“The signals are received on the 
ground by a parabolic antenna with 
which is associated -a receiver and 
suitable servo mechanisms whereby 
the antenna automatically tracks the 
ballon in space and transmits signals 
to an angle recorder which records 
elevation and azimuth angles. From 
the receiver, signals are also fed into 
an electronic frequency meter and 
potentiometer-type recorder which re- 
cords the temperature, pressure, and 
humidity data. From these two records 
can be evaluated the pressure, tem- 
perature, humidity, and wind speed 
and direction to altitudes of the order 
of 100,000 

Following Mr Wood's talk, the 
chairman introduced Brancato, 
of the local U.S. Weather Bureau, 
who, in turn, introduced Vincent J 
Oliver, of the Extended Forecast 
Section, U.S. Weather Bureau, as the 
second speaker of the evening. Mr. 
Oliver spoke on “High Altitude 
Winds” The speaker reviewed 
briefly the means of determining wind 
velocities at altitude, mentioning 
photographs of antiaircraft shell 
bursts rocket trails, clouds, meteor 
trails, and balloons, plus radar re- 
sponse. He exhibited pressure charts 
of the northern hemisphere at various 
altitudes for various seasons of the 
year and several individual day charts. 
The speaker discussed jet streams and 
vertical currents and coming down to 
lower levels; he also retold the story 
of the P-38 pilot who flew his ship as a 
glider for many minutes in the up- 
drafts over the western mountains. 

After a brief discussion period, 
mostly about local weather, the meet- 
ing was adjourned at 10:30 p.m. 


p> The results of the recent election of 
the 1952-1953 officers are as follows, 
Chairman, A. J. Kullas, Supervisor: 
Structural Design Section, The Glenn 
L. Martin Company; Vice-Chairman, 
J. P. Paine, Chief Project Engineer, 
Aircraft Armaments, Inc.; Secre- 
tary, J. F. Maloney, Design Engineer, 
Aircraft Armaments, Inc.; and Treas- 
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Boston Section Views Wind Tunnel 


A general view of the some 200 persons who attended the April 16 meeting held at M.I.T.’s 


Naval Supersonic Wind Tunnel. 


urer, L. F. Freitag, Landing Gear 
Design Engineer, The Glenn L. 
Martin Company. 


Boston Section 
E. E. Larrabee, Secretary 


The April 16 meeting of the Boston 
Section was held in the Naval Super- 
sonic Wind Tunnel at Massachusetts 
Institute of Technology. Professor 
John R. Markham, Director of the 
facility, gave a talk that described the 
tunnel; covered some of the problems 
encountered in its design, construc- 
tion, and operation; and dealt with 
the general physical aspects of the 
flow in the tunnel circuit. Motion 
pictures, which demonstrated the 
development of supersonic flow in the 
test section, were shown. Following 
this, the tunnel itself was run, and all 
those present were able to see the 
shock-wave formation on an ogival 
shape. After the demonstration, 
members of the Supersonic Tunnel’s 
staff answered questions about the 
operation of the tunnel and its associ- 
ated equipment. 

The unusual opportunity of seeing 
a large supersonic wind tunnel demon- 
strated undoubtedly accounted for 
the large turnout. More than 200 
persons took advantage of this oppor- 
tunity; some of them were workers in 
the tunnel who were able at this time 
to show their families this ordinarily 
classified military research facility. 
All agreed that the meeting was one 
of the most successful held by this 
section. 


Chicago Section 
Alfred F. Stott, Secretary 


The Annual Meeting of the Chicago 
Section was held on May 14 at the 
Naval Air Station in Glenview, III. 
This was the fourth meeting held at 
this location and, as usual, an ex- 
cellent time was had. The program 
started at 6:00 p.m. with a tour of the 
station. Lieutenant Colonel Harold 
Penne, U.S.M.C., was_ responsible 
for all the program arrangements, 
while Chief Robert Saxe was in charge 
of the tour. Approximately 70 per- 
sons enjoyed a well-conducted tour, 
which was followed by a social hour 
and dinner in the officers’ mess. 
Ninety-two members, wives, and 
guests attended a fine turkey or 
roast beef dinner. 

At 9:00 p.m., Section Chairman 
Robert H. Wendt called the meeting 
to order. He introduced Captain 
R. M. Oliver, U.S.N., Commanding 
Officer of the N.A.S. at Glenview. 
Captain Oliver welcomed the members 
and guests and outlined activities at 
the Station. A fine colored movie, 
The Shores of Iwo Jima, was shown. 

Chairman Wendt then called upon 
Harold Wackelin, Chairman of the 
Nominating Committee, to read the 
proposed slate of officers for the com- 
ing year. No additional nominations 
were received. The proposed slate 
was adopted as read. The Officers 
and Board Members for the coming 
year are as follows: Dr. Harvard L. 
Hull, Chairman; Alfred F. Stott, 


Vice-Chairman; Charles L. Bonnette, 
Secretary; Lt. Col. Harold Penne, 
U.S.M.C., Treasurer. The Board 
Members are Robert H. Wendt, 
Kenneth L. Burroughs, Ray Brittan, 
B. R. Winborn, O. J. Engle, Dr. 
Harold Hawkins, Ben Vinecky, and 
Dr. R. N. Du Bois. Robert Saxe, 
U.S.N.R., was chosen as Representa- 
tive to the Nominating Committee 
for Area Councilors. 


The retiring Chairman, Bob Wendt, 
thanked the officers and members for 
their splendid cooperation during the 
year and told of the pleasure he de- 
rived from being Chairman. He in- 
troduced the new Chairman, Dr. Hull, 
who expressed his appreciation for the 
honor conferred upon him. The 
meeting adjourned at 10:30 p.m. 


Columbus Section 
S. A. Gordon, Secretary 


The first meeting of the reorganized 
Columbus Section was held on April 
29 at the Seneca Hotel. Approxi- 
mately 100 members and guests at- 
tended the premeeting dinner, after 
which an election of officers was held. 
Dr. D. T. Williams, of Battelle Me- 
morial Institute, presided as Acting 
Chairman, 


Officers for the coming year are: 
Chairman, D. T. Williams; Vice- 
Chairman, M. M. Blair; Secretary, 
S. A. Gordon, and Treasurer, C. E. 
Rhodebeck. 


After elections, Mr. Gordon intro- 
duced the speaker, Ernest Stout, 
Assistant to the Chief Engineer in 
Charge of Naval Aircraft Research 
and Sales, Consolidated Vultee Air- 
craft Corporation. His talk, ‘‘A Re- 
view of High-Speed Hydrodynamic 
Developments,” was originally pre- 
sented at the Third Anglo-American 
Conference at Brighton, England, 
in 1951. Mr. Stout emphasized the 
new concept of water-based aircraft 
which requires the elimination of the 
Naval Architect in hull design. An 
example of this is the high length/- 
beam ratio hull that, as he put it, 
“provides the only significant im- 
provement in hull design since the 
NC-4.”’ He illustrated his discussion 
of the use of Dynamic Similarity 
Hydrodynamic Models with two films. 
The first was Convair’s Annual Review 
of Hydrodynamic Research and the 
second was a review of the develop- 
ment of Convair’s water-based fighter, 
The Skate. 


The meeting was concluded with a 
question-and-answer period that un- 
derlined the enthusiastic reception of 
Mr. Stout’s talk. 
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Flying 
Tomorrows 


Jets 


GREAT NECK, NEW YORK - CLEVELAND 


GYROSCOPE COMPANY 


DIVISION OF THE SPERRY CORPORATION 


>< Sperry research engineers are 
seeking solutions for tomorrow’s flight 
control problems while they develop 
new ways to better the performance of 
control equipment currently flying. 


>< This analog computer is duplicat- 
ing flight conditions of a new high- 
performance jet bomber being “flown” 
automatically by the Gyropilot* flight 
control. Here, for instance, a Sperry 
engineer checks the performance of the 
airplane and automatic pilot during 
the bombing run. 


IN CANADA—-SPERRY GYROSCOPE COMPANY OF CANADA, 


NEW ORLEANS + BROOKLYN + LOS ANGELES 
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>e In test after test — in laboratory 
and its great Flight Research Center, 
MacArthur Field, Long Island—Sperry 
flight controls are continuing to prove 
their capacity to maintain stable all- 
weather flight in jet, propeller-driven, 
rotary-wing, lighter-than-air and 
pilotless aircraft. 


>e For 40 years Sperry has been 
working continually on flight control 
problems. With this wealth of experi- 
ence to build on, tomorrow’s problems 
are being met by today’s research and 
engineering. 


SEATTLE 
MONTREAL, QUEBEC 
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David F. Berry 


Atlanta Section 


David Franklin’ Berry, Process 
Engineer concerned with the control 
of materials and processes used in air- 
frame manufac- 
turing at the 
Georgia Division 
of Lockheed Air- 
craft Corpora- 
tion, originally 
started to train 
for a career in 
the automotive 
industry. How- 
ever, after a year of college at Michi- 
gan Tech (1937-1938), he ‘‘was in- 
fluenced by an uncle to go into air- 
craft.” And, so began Mr. Berry's 
interest in the aeronautical field. 

Mr. Berry says of his years in 
aeronautics: “My aircraft experience 
started with Kollsman Instrument 
Company in August, 1939, with whom 
I worked for approximately 2 years as 
Machine Shop Inspector. A desire 
to return to the Southeastern section 
influenced me to go with Vultee 
Aircraft, Inc., in Nashville, Tenn., 
in the same capacity. A new section 
was formed there called Factory Lia- 
ison which was a combination of 
engineering, production, and Tooling 
Liaison, and I went into this group. 


In 1943, when our contract was can 
celled on the Vultee Vengeance Dive 
Bomber, I was transferred to the 
Fort Worth plant in Liaison Engineer- 
ing where I worked until entering the 
service in July, 1944. I was in the 
Infantry and in the Military Govern- 
ment in Korea until July, 1946. 
Upon release from the service, I 
went back to college at the University 
of Alabama where I graduated in 
Aeronautical Engineering in Decem- 
ber, 1949. When I was graduated, 
I went to work with Boeing, Wichita, 
as a Tooling Inspector and then as a 
Process Engineer until July, 1951, 
when I came to Lockheed, Georgia 
Division, as Process Engineer.”’ 

One of Mr. Berry’s most interesting 
episodes, he says, was the reorganiza- 
tion of the I.A.S. section in Atlanta, 
Ga. In this connection, he writes: 
“T was responsible for the organiza- 
tion of the Atlanta Section of the 
I.A.S. which took place this spring 
and was elected Interim Chairman for 
the remainder of this session.” 

Mr. Berry, who was commissioned 
a U.S.A.F. Captain in January, 1951, 
is a member of the Bachelor’s Cotil- 
lion in Birmingham, Ala., the city in 
which he was born in July of 1918. 
He tells us that he does enjoy golf, 
swimming, and loafing, but other- 
wise he claims to have no hobbies. 
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Hagerstown Section 


Robert E. Braus, Secretary 


The Hagerstown Section met in the 
Antrim Room of Hotel McLaughlin, 
Greencastle, Pa., on March 25. Chair- 
man E. E. Morton presided. After 
a short business meeting, Mr. Morton 
introduced the speaker of the evening, 
S. Tremen, General Manager, Guided 
Missiles Division, Fairchild Engine 
and Airplane Corporation. 

Mr. Treman, whose subject matter 
was classified as ‘“‘Confidential,”’ gave 
an interesting and informative talk 
on guided missiles, in general, and 
stressed particularly the types of 
missiles currently being tested and 
produced by Fairchild... His talk 
was illustrated by slides and motion 
pictures. 

The meeting was concluded with 
a lively question-and-answer  ses- 
sion. 


> The April 29 meeting was held in the 
Terrace Room of the Terrace Res 
taurant. A social session preceded 
the calling of the meeting to order. 

Vice-Chairman E. R. Gelvin pre- 
sided in the absence of Chairman 
Morton who was unable to attend for 
family reasons. (It was a 7!/o-lb. 
boy!) 

The minutes of the previous meet 
ing were read, and Mr. Gelvin then 
asked for opinions as to whether meet- 
ings should be discontinued until 
fall. The membership voted to call 
the next meeting in September. 

The meeting was then turned over 
to Allen Clopper, Chairman of the 
Program Committee, who introduced 
the speaker of the evening, Glen M. 
Hobday, Resident Advisory Engineer 
representing the English 
Company at The Glenn L. Martin 
Company in connection with the 
production of the Canberra bomber 
in the United States. 


Electric 


1952 


Mr. Hobday began his talk by re 
viewing the history of the English 
Electric Company from the time it 
began aeronautical research and 
manufacturing in 1911 to the present. 
He showed the engineering depart 
mental organization chart under which 
the Canberra was designed and 
pointed out the difference between the 
English and American approaches to 
engineering management. “An inter 
esting statement was made to the 
effect that the designer in England 
was not burdened by the need to esti 
mate engineering schedules or to 
perform administrative duties as is so 
often the case in this country. He 
further stated that a rigid detail 
schedule is net set up for creative 
engineering, but rather the designer 
has more freedom to devote his entire 
thought to the task at hand. 

Methods of structural testing were 
described by Mr. Hobday, and the 
difference between the English and 
American approaches to testing was 
discussed, 

Mr. Hobday closed his interesting 
talk by describing some of the unique 
features of the Canberra bomber and 
the missions it had been originally 
designed to perform. He then in 
vited questions and comments from 
his audience, and a lively discussion 
session ensued. 

The meeting closed with the show 
ing of a motion picture in color of the 
Canberra in flight. 


Philadelphia Section 


Emily D. Rogers, Secretary 


The new officers of the Philadephia 
Section elected for 1952-1953 are: 
Chairman, Harry Tobey; Vice 
Chairman, Dale Hamilton; Secre- 
tary, Emily D. Rogers; and Treas 
urer, Le York Cheeseman. 


San Francisco Section 
Forest W. Fingerle, Secretary 


The April 24 meeting of the San 
Francisco Section was held at Ramor 
Oaks. This was a student meeting 
at which two students delivered their 
papers in competition. The paper, 
“Hydraulic Analogy of Two Dimen 
sional Gas Flow,” by C. E. Hallum, 
of the University of California, won 
the Standard Oil Company $100 
award. The presentation of this 
award was made to Mr. Hallum by 
John MacGregor on behalf of Stand 
ard Oil Company. 

Two Navy films were shown. One 
delineated the role of the Navy in 
science. The other was a fine film 
showing aircraft carriers in 
near Korea, 
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Standard-Thomson 
Cabin and Cockpit 


Vaporproof cabin lamp 


CABIN LAMPS: These all-metal 
cabin dome lights are proof 
against vapor or moisture at 
any altitude. Regardless of at- 
mospheric conditions, they as- 
sure clear, brilliant light. 
Weight: 1 lb., 10 oz. Diameter: 
5%"; length: 6%”. For complete 
information, write: 


Cockpit lamp assembly 


COCKPIT LAMPS: A sturdy source 
of dependable auxiliary light 
for all types of aircraft. Made 
to USAF specifications with 
chainlock filter and retractable 
cord. 13 or 28 volt bulb and 
rheostat. Weight: 1 1 oz.; length: 
diameter: 134”. Also avail- 
able with straight cord. 


STANDARD-THOMSON CORPORATION - DAYTON 2, OHIO 


Standard-Thomson 


Makers of USAF-approved bellows « valves « lights 


Shut-off 
Valves 


Barometric 
Pressure Valves 


Flexible Couplings 


Tech-Forge Crankcase 


Pressurizing Valve 
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Seattle Section 


R. D. Fitzsimmons, Secretary 

A lively, truly informative, and 
highly enjoyable dinner meeting and 
open discussion was held by the 
Seattle Section on May 14. Com- 
mander T. Davies, Head, Overhaul 
and Repair Department, Sand Point 
Naval Air Station, addressed the 
members on the subject “The Appli- 
cation of Operations Research in Air- 
plane Design.’’ Experience gained in 
the Bureau of Aeronautics, in the 
Office of Naval Research, and in the 
Office of the Assistant Secretary of the 
Navy for Air, in addition to experience 
in antarctic operations and in war 
time and peacetime operations with 
antisubmarine aircraft, has given 
Commander Davies an inside picture 
of military aircraft operations, design, 
procurement, and requirements. 

He outlined the meaningful mathe- 
matical approach to the problem of 
design through the use of a “‘single- 
ness-of-objective” idea in contrast to 
the meaningless conclusions and pit 
falls which can result through the 
use of ‘‘multiple superlatives.”’ In 
other words, designing an airplane or 
laying out a specification for a design 
by mathematically optimizing or mini 
mizing only one requirement gives a 
single result based upon a given set of 
assumptions. An example of this 
would be if the number of targets 
destroyed per dollar invested is the 
one requirement optimized. This 
method is in contrast to the concept 
wherein the airplane design, for ex 
ample, is supposed to fly the fastest, 
the farthest, the highest, and carry the 
greatest pay load, which is truly a 
meaningless expression. Each could 
be optimized individually, but to 
gether they have no meaning. 

Following a discussion of the ways 
in which the Navy is actively using 
operations research, Commander 
Davies commented a little 
actual antisubmarine warfare 
touched briefly on the sinking 
marines by aircraft during 
War IT. 
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Washington Section 


J. H. Sidebottom, Secretary 
We thought it might be of interest 
to other sections to know of six new 
features that were introduced into the 
Washington Section programs and 
plans for the past year. Some of 
these features may be new to other 
sections, and some of them we have 
borrowed in the light of success they 
have enjoyed with other groups. 
» Meeting Arrangements and Plan- 
ning—This year, the Washington 
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tion endeavored to schedule a definite 


helicopters, 


Section planned its meetings on a | 
subject basis rather than on an agency | 
sponsorship basis. | 


In previous years, 

| it had been the custom to have the | 
Air Force, Navy, C.A.A., N.A.C.A., | 

etc., sponsor the meetings and to | 

include papers for each meeting on | 

various subjects. This year, the sec 


subject, such as supersonic 


personal 


flight, 
aircraft, etc., 
and to obtain speakers from whatever | 
agencies were interested in the sub- 
jects at hand. For each meeting, an 
honorary chairman was selected, and 
this chairmanship was rotated among 
high-ranking officers of the Air Force, 
Navy, or top administrators in the 
N.A.C.A., C.A.A., industry, etc. The 
officers believe that this method of 
confining the evening meeting to a 
single topic of discussion with several 
papers relating to the general theme 
increased the interest and attendance | 
at the meetings. 

Also, included in the planning for 
the meetings was joint society sponsor- 
ship of several of the meetings, as, for | 
example, the Helicopter Meeting was 
handled cooperatively with the Ameri- 
can Helicopter Society, while the Per- 
sonal and Executive Aircraft Meeting 
was cosponsored by the Aircraft 
Owners and Pilots Association. The 
joint-meeting or cooperative-meeting 
plan has definite advantages in in- 
creasing the interest and attendance 
and in securing the best available 
speakers for a given subject. It is 
anticipated that future joint meetings 
with the A.S.M.E., S.A.E., American 
Rocket Society, ete., will be arranged. 


The Washington Section has found 
that at least one or possibly two 
meetings a year should be devoted to 
field trips or visits to interesting 
laboratories or military installations. 
This year, the group visited the Naval 
Ordnance Laboratory; this was one 
of the largest meetings of the section 
for the year. 


> Meeting Schedule Cards—The offi- 
cers of the section met early in the 
year and developed a schedule of 
meeting dates and locations for each 
of the six meetings to be held during 
the year. The date, time, and loca- 
tion for each meeting were printed on 
a wallet-sized card and distributed to 
section members prior to the first 
regular meeting in September as a 
reminder of all meetings to be held 
during the year. The subject of each 
meeting was not included, but this 
card served as a ready reminder for all 
section members and enabled them 
to mark calendars appropriately. 
Copies of these cards were also given 
to Attendance Committee representa- 
tives to distribute to new members or 
interested guests. 
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FOR YOUR PANEL 


A NOVEL and UNIQUE CIRCUIT INDICATOR 


DESIGNED FOR NE-51 NEON LAMP 
For 110 or 220 volt circuits 


The required resistor is 
an integral part of this assembly 
—“‘built-in.” 


RUGGED DEPENDABLE 
LOW IN COST 


PATENTED: No. 2,421,321 
Cat. No. 521308-997 


WILL YOU TRY A-SAMPLE? 


Write on your company letterhead. We will act at once. 
No charge, of course. 
SEND FOR THE 192 PAGE HANDBOOK OF PILOT LIGHTS 
Among our thousands of Pilot Light Assemblies there is one 
which will fit your special conditions. Many are especially 
made and approved for military use. We pride ourselves 
on prompt deliveries—any quantity. 


ASK FOR OUR APPLICATION ENGINEERING SERVICE 


Foremost Manufacturer of Pilot Lights 
The DIAL LIGHT COMPANY of AMERICA 
900 BROADWAY, NEW YORK 3, N. Y. SPRING 7-1300 
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| Metal-to-Metal 
Airline Passenger Insurance 


Annual Policies B on d in g 
from $5,000 to $100,000 INCLUDING ALUMINUM TO 


at new low rates ALUMINUM, with shear strengths 
—— to 3000 p.s.i. and amazing im- 

pact resistance! ARMSTRONG 
A-6;ADHESIVE is a new epoxy 
resin formulation that requires 
only contact pressure and mod- 
erate temperatures for bonding 

. permits immediate assem- 
bly and does not require use 
| of primers or solvents. 


No Physical Examination +» No Age Limit 


EXAMPLE 
$25,000.00 for death or dismemberment 
$1,000.00 for Hospital and Doctor's bills 


$50.00 per week when disabled 


PREMIUM $38.00 per year 


A-6 resists most solvents, has 


Policies cover Backed by the excellent moisture resistance. a 
Passengers on Combined Assets of | Perfect for metal-to-plastics, a 
scheduled airlines Aetna Casualty & Surety Co. | metal-to-wood, wood and Ly 
world-wide — also American Surety Co. of N. Y. metals to ceramics and many : 
seins te Geena, Century Indemnity Company other combinations of rigid 

Hartford Accident & Indem- | materials. 
Mexico and South nity Co. | 


| SEND $1: - 
America which meet Maryland Casualty Co. TRIAL nem Ss 
Massachusetts Bonding & 
Insurance Co. 
standards. New Amsterdam Casualty Co. 


Standard Accident Insurance 
Company 


safe operating 


accompanies order. 


ARMSTRONG PRODUCTS CO. 
P. O. Box : Warsaw, Indiana 

Please send me your trial test kit of 
ay Armstrong's A-6, My dollar is enclosed. 


| Nadie and. Title 
UNITED STATES AVIATION UNDERWRITERS Street 


INCORPORATED 


Travelers Insurance Co. 
United States Casualty Co. 


United States Fidelity & 
Guaranty Co. 
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ATLANTA - CHICAGO - DALLAS - KANSAS CITY State ... “ . City 
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»>New Program Format—One of the 
first steps taken by the Washington 
Section this year was to adopt a new 
program format similar in many re 
spects to that used by the Los Angeles 
Section. We found that the program 
format on 8'/. by 11-in. heavy paper 
with a return reservation card at 
tached provided greater opportunity 
for the use of the announcement on 
bulletin boards, calendars, etc. The 
program is mailed in folded form and 
marked to the personal attention of 
the receiver. The larger type face 
used with modern art work makes it 
possible to highlight the featured 
events and, in addition, to provide for 
biographical notes on speakers and 
special announcements from the chair 
man. Although the program costs 
approximately $150 more than an 
nouncements sent out previous 
vears, the section officers felt that it 
contributed materially to the in 
creased attendance at section meet 
ings. 


»>Student Contest Paper Program 
A Student Contest Program was or 
ganized this year among the universi 
ties and colleges in the Washington 
area. This contest was open to all 
schools having engineering courses 
and included Catholic University, 
Howard University, George Washing 
ton University, University of Mary 
land, and University of Virginia. 
In the case of schools having I.A.S. 
student branches, contact was made 
directly with the Dean. Three ex 
cellent papers were received, though 
a number of others had been promised. 
Cash prizes were offered to the first 
and second papers, and both of the 
winning papers were briefed at the 
last meeting of the Washington Sec 
tion. Next year, it is hoped that the 
section may expand its coverage to 
several other colleges in the Virginia 
and Maryland areas. 


» Service Certificates to Honor Former 
Officers—The Washington Section in 
troduced this year a plan for honoring 
former section officers through the 
presentation of Service Certificates 
carrying the following: ‘‘This is to 
certily that Mr........... has served 
as (office) of the Washington Section 
of the Institute of Aeronautical 
Sciences with honor and distinction 
and to express the appreciation of the 
Section for his devoted  service.”’ 
The certificate is signed by the Section 
Chairman and by the Director of the 
Institute. The certificates were printed 
for a nominal amount and appeared to 
be an economical and appropriate way 
of expressing the section’s appreciation 
for the extensive work that must be 
undertaken by each group of officers 
in planning and executing programs 
for the year. 
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pAttendance Committee—A_ well-or- 
ganized Attendance Committee was 
established this year with approxi- 
mately 25 key representatives located 
in various military and civilian agen- 
cies throughout the area. Mr. Auld 
sent special additional copies of each 
meeting notice to the committee 
members who, in turn, displayed these 
notices appropriately in their or- 
ganizations. In addition, the Chair- 


LA.S. NEWS 


man of the committee made a tele- 
phone call a day or so prior to each 
meeting to remind the key representa- 
tives to contact their I.A.S. section 
people for dinner reservations and to 
make a special note of the regular 
section meeting. This direct mail 
and telephone follow-up with key 
people assisted greatly in maintaining 
a high level of attendance at each 
meeting. 


Student Branches 


Academy of Aeronautics 


Five films, East of Bombay, Farn- 
borough Air Show, Live and Learn, 
Science of Flight, and The Lockheed 
P-S80, were shown at the April 9, 
April 23, and May 7 meetings. 
Chairman Nickolus Kruger presided. 


The Aeronautical University, Inc. 


An election of officers for the coming 
term was held recently with the follow- 
ing results: Chairman, Raymon 
Miller; Vice-Chairman, Lymar. Well- 
iver; Secretary, L. C. Clapper; and 
Treasurer, J. P. Martyr. The Faculty 
adviser is Alfred F. Stott. 


California State Polytechnic College 


On April 26, Chairman Herbert E. 
Pearce opened the I.A.S. Cal Poly 
Alumifi Meeting. The speakers on 
this occasion were E. W. Robischon, 
I.A.S. Western Manager, and H. P. 
Hayes, Dean of Engineering, Cal 
Poly. R. K. Richardson, a 1950 
Cal Poly aero graduate, was elected 
to the post of I.A.S. Alumni Manager 
at a meeting of Cal Poly’s Aeronautical 
Department alumni and I.A.S. student 
members. Twenty-six persons were 
present. 

On April 28, a regular meeting of the 
student branch was held and presided 
over by Chairman Pearce. Jesus C. 
Gomez, a senior aeronautical engi- 
neering student, presented a paper on 
the ‘Present Status of Research in 
Boundary Layer Control.” A Ford 
Motor Company film, Jron Ore to 
Motive Power, concluded the meeting. 
Twenty-three students were in attend- 
ance. 


University of California 


E. C. Hallum, a member of the 
University of California’s I.A.S. Stu- 
dent Branch, presented a paper on 
“The Hydraulic Analogy of Two 
Dimensional Gas Flow,” which won 
second prize at the West Coast Con- 
ference of I.A.S. student branches on 
May 17in Los Angeles. He originally 


presented the paper before the San 
Francisco Section of the I.A.S. on 
April 24, where he won a first prize of 
$100. This latter prize was con- 
tributed by Standard Oil of Cali- 
fornia, and the presentation was made 
by John R. MacGregor, Associate 
Director, California Research Corpo- 
ration of Standard Oil. 

On. April 11, the local branch at 
U.C. had an instructive and enjoyable 
field trip to the N.A.C.A. Ames 
Aeronautical Laboratory at Moffett 
Field. The N.A.C.A. officials were 
generous with their time and hospital- 
ity for the 21 student members who 
attended the tour of the wind tunnels 
and other facilities. 


Case Institute of Technology 


Chairman John H. Enders presided 
at the February 12, February 29, 
April 11, and May 8 meetings of this 
student branch. Attendance at the 
four meetings varied between 20 and 
30 students. 

A lecture on ‘‘Parachute Research” 
was given on February 12 by F. J. 
Stimler, Goodyear Aircraft Corpora- 
tion. At the next meeting, films were 
shown depicting supersonic flight, 
aircraft structures, and aircraft vibra- 
tions. A field trip to Bell Aircraft 
Corporation in Buffalo, N. Y., was held 
on April 11. Concluding the spring- 
semester meetings was a talk given by 
A. O. Tischler, Head of Rocket Test 
Laboratory, N.A.C.A., Cleveland. 
Mr. Tischler’s topic was ‘Current 
Problems in Rocket Research.”’ 


Cornell University 


An election of officers was held at 
the April 30 meeting with the follow- 
ing results: Chairman, D. E. Ordway; 
Vice-Chairman, Robert  Hartlieb; 
and Secretary-Treasurer, J. T. Corso. 
A film, PBM-3 Wing Destruction 
Test, concluded the meeting, which 
was led by Faculty Advisor Carlo 
Riparbelli and which was attended by 
16 students. 


University of Detroit 


Chairman John L. Shea presided 
at the April 30 meeting and presented 
a paper on ‘‘The Application of Gas 
Turbines to Light Aircraft.’ This 
paper was ultimately entered in an 
I.A.S. Student Paper Contest. Thir- 
teen students were present at the 
meeting. 


University of Illinois 


The final meeting of the semester 
was held on May 14 with 21 student 
members and five members of the 
faculty present. 

An election of officers was held for 
the first semester of the 1952-1953 
academic year. The following stu- 
dents were’ elected: Chairman, 
Gordon Booz; Vice-Chairman, Rex 
Whitehurst; and  Secretary-Treas- 
urer, Ron Arnold. 

The program for the evening con- 
sisted of the I.A.S. student awards. 
William D. Greenfield was awarded 
the Scholarship Award with a cer- 
tificate and a l-year free technical 
membership in the I.A.S. 

The competition for the I.A.5. 
Student Paper Award included two 
talks. Fred C. Hall presented ‘‘Es- 
cape Problem in Space Travel,” 
and Wendell J. Thompson presented 
“Fatigue as Related to Aircraft Struc- 
tures.’ Mr. Hall was judged the 
winner by the attending student 
officers and the faculty. His award 
was the same as that received by Mr. 
Greenfield—a certificate and a year’s 
free Technical Membership in the 
I.A.S. 


Indiana Technical College 


Dr. Ivan Planck, Chairman, De- 
partments of Mechanical and Aero- 
nautical Engineering, Indiana Tech- 
nical, spoke at the April 15 meeting 
on “The Diesel Engine vs. The Gas 
Turbine.”’ A film entitled J/ilitary 
Use of the Helicopter completed the 
program. Chairman Harold Swallow 
presided; 22 students were present. 

On May 13, with Chairman Swallow 
presiding and 19 persons present, the 
winner of the outstanding student 
award was announced as Robert L. 
Forbes. A lecture on “Your Future 
in Aeronautical Engineering’’ was de- 
livered by Bennet L. Kemp, Instruc- 
tor, Wind-Tunnel, Indiana Technical. 


lowa State College 


At the May 7 meeting, Robert 
Rautenstrauch, who is studying for 
his M.S. degree in Aeronautical Engi- 
neering while teaching at Iowa State, 
gave a talk on midget racing. 
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The following officers were elected 
to serve during the coming year: 
Chairman, John C. Kingman; Vice- 


Chairman, Duane B. Schoelerman; 
Secretary, Lyle J. Summers; and 
Treasurer, Bernard C. Scott. The 


Honorary Chairman is C. N. Sanford, 
Faculty Adviser. 


Kansas State College of Agriculture 
and Applied Sciences 


An election of officers was held on 
May 15 with 9 students in attendance. 
Those elected to office are: Chairman, 
John Lederer; Vice-Chairman, 
William J. Whitesell; and Secretary- 


ENGINEERING REVIEW 


Treasurer, Marvin A. Smith. Chair- 


man Harold Osborn presided. 


North Dakota 
Agricultural College 


At the May 20 meeting, the follow- 
ing officers were elected for the 1952 
1953 academic year: Chairman, 
Donald Grommish; Vice-Chairman 
and Treasurer, James Marquardt; 
and Secretary and Council Represen- 
tative, Lawrence Kummeth. Donald 
Flesland is Membership Chairman for 
the coming year. Vice-Chairman 
stu- 


Wesley B. Martin presided; 
dents were present. 


BH. AIRCRAFT 


FARMINGDALE, NEW YORK 


AUGUST, 1952 


The Pennsylvania State College 


The April 23 meeting at which 40 
students were present was called to 
order by Chairman George F. Page. 
An election of officers was held with 
the following results: Chairman, Max 
J. Schuster; Vice-Chairman, John 
W. Gaul; and Secretary-Treasurer, 
Frank A. Leader. After the elections 
were completed, student member 
Howard Hugh Garver, Jr., as the 
first participant in the I.A.S. Student 
Paper Contest, delivered a speech 
entitled “Safety Considerations in the 
Design and Operation of Transport 
Aircraft.” 


The University of Texas 


A film, Flight Log, was shown at the 
April 21 meeting at which 21 students 
were present. Chairman Soren C. 
Jenson, Jr., presided. 


Tri-State College 


On April 3, the first meeting of the 
spring term was held, and a motion 
picture on Operations Crossroad was 
shown. Chairman Robert Kline pre- 
sided; 25 students were present. 


Members Elected 


The following applicants for membership 
or applicants for change of previous grades 
have been admitted since the publication 
of the list in the last issue of the REVIEw. 


Elected to Associate Fellow Grade 


Wetmore, Joseph W., B.S. in Ae.E., 
Head, Gen. Aerodynamics Branch, Flight 
Research Div., Langley Aero. Lab., N.A.- 
CA. 


Transferred to Associate Fellow 
Grade 


Walter, Don L., M.S. in Ae.E., Mgr. 
of Engrg. & Mfg., Marquardt Aircraft 
Co. 

Wells, Edward C., B.A., Vice-President 

Engrg.; Member, Bd. of Dir., Boeing 
Airplane Co. (Seattle). 


Elected to MEMBER Grade 


Ackerman, C. A., Jr., B.S., Proj. Engr., 
Ryan Aero. Co. 

Barton, Richard K., Pilot, Northwest 
Airlines, 

Beach, James B., B.S.M.E. (Acro.), 
Group Engr., Lockheed Aircraft Corp 

Brooks, Philip D., B.S. in M.E. (A.E.), 
Supvr., Struct. Tech. Staff Dept., North 
rop Aircraft, Inc. 

Clause, Melvin, Field Serv. Engr., 
Consolidated Vultee Aireraft Corp. (San 
Diego) 

Esenwein, August C., B.S., Div. Mgr., 
Consolidated Vultee Aircraft Corp. (Ft 
Worth). 
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When America’s biggest bomber, the mighty 
B-36, returns to the ground, the potential im- 
pact is terrific. Yet this leviathan of the skies 
lands with effortless ease because the shock 
is absorbed by Cleveland Pneumatic AEROL 
main landing gears. 


It is indeed fitting that this great plane is 
equipped with AEROLS. Over a quarter of a 
century ago, Cleveland Pneumatic pioneered 
and perfected the air-oil strut. Its operating 


Light Landings for Heavyweighis! 


principle has proved so successful that it has 
been almost universally adopted. Today, planes 
of every type and size land on Cleveland 
Pneumatic AEROLS. 


Extensive plant and production facilities, com- 
bined with unexcelled “know-how”, explain 
why Cleveland Pneumatic landing gear is 
recognized as first in the field! 


The Cleveland Pneumatic Tool Company, 
Cleveland 5, Ohio... . Established 1894. 


CLEVELAND PNEUMATIC 


q 
Fuut UL the Field)! Aircraft Landing Gear « Ball Bearing Screws + Actuators 
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INCREASING » DECREASING » 
PRESSURE PRESSURE 
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PERCENT OF RATED FLOW CAPACITY 


PERCENT OF RATED RELIEF PRESSURE 


For complete engineering 
specifications and counsel, 
address: ADEL DI- 
VISION, GENERAL 
METALS CORPORA- 
TION, 10779 Van Owen 
St., Burbank, Calif. 


100" ts 400% 
GREATER 
FLOW CAPACITIES 


LINE SIZE 


| | 
AN Standard 3.5 6 
ADEL 10 | 14 | 


D0 psi Class CD poppet type relief valves 
aximum flow capacity for a given line 
conform strictly to AN 6279 Envelope. 
fely compact, light weight construction 
mits Savings in weight of up to twice 
tof competitive valves. Zero internal leakage 
uirements are met at a pressure 30 psi less 
an dynamic cracking pressure, and 30 psi less 
than dynamic reseating pressure as defined by 
IL-V-5523. Pressure variation from cracking 
point to maximum rated capacity is far less 
than that required by AN standards. 


‘Make comparisons and see for yourself why 
hese outstanding valves are unexcelled for high 


F pressure aviation hydraulic performance. 


ADEL also produces the most complete line of 
AN Standard aircraft Clips and Clamps available. 


Manufacturers of Aircraft 
Hydraulic Control Equipment 


DIVISION OF GENERAL METALS CORPORATION * BURBANK, CALIF. * HUNTINGTON, W. VA 


CANADIAN REP.: RAILWAY & POWER ENGINEERING CORPORATION, LIMITED 
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Ferrell, Joel, Mgr., Jet Engine Branch, 
ARO, Inc. 

Fiorio, Franco E., M.M.E., Lt. Col. & 
Asst. Air Attaché, Italian Embassy, 
Italian Air Force (Washington, D.C.) 

Girard, Peter F., B.S., Chief Aero- 
dynamicist & Engrg. Test Pilot, Ryan 
Aeronautical Co. 

Grzedzielski, Alexander, Dr. of Engrg., 
Sr. Stress Engr., A. V. Roe Canada, Ltd. 

Hampshire, Francis G., Sr. Design 
Draughtsman, British Overseas Airways 
Corp. (London). 

Heurlin, Leonard R., B.S., Commercial 
Engr., General Electric Co. (River Works). 

Hill, Jacques A. F., S.M., Aerodynamics 
Engr., Naval Supersonic Lab., Mass- 
achusetts Institute of Technology. 

Jamison, David F., Jr., B.S.Ae.E., 
Application Engr., Aircraft Gas Turbine 
Div., General Electric Co. (Lockland). 

Jarvis, Alvin J., Design Engr. ‘‘A,” 
Boeing Airplane Co. (Seattle). 

Johnson, Robert L., M.S., Asst. Chief, 
Missiles Design Sect., Douglas Aircraft 
Co., Inc. (Santa Monica). 

Kovasznay, Leslie S. G., Dr. of Tech. 
Sciences, Assoc. Prof of Aeronautics, The 
Johns Hopkins Univ. 

Luther, Marvin L., M.A., Physicist, 
Research Dept., Aerodynamics Branch, 
U.S. Naval Ordnance Test Station (Inyo 
kern). 

Madden, James E., Engrg. Designer, 
Rohr Aircraft Corp. 

McGregor, F. Maurice, Dir. of Devel., 
Canadian Pacific Airlines. 

Miller, Charles J., B.S. in Engrg., Mer., 
Aviation Sect., General Electric Co. 
(Dayton). 

Moss, William W., Capt., Atlantic 
Div., Pan American World Airways, Inc. 


Peabody, E. Tilson, M. A., Mgr., Gen- 
eral Motors Aircraft Operations, General 
Motors Corp. ( Detroit). 

Ravaud, Rene, Lt. Comdr. & Asst 
Attaché, French Navy, French Embassy 
(Washington, D.C.). 

Ryan, Raymond M., B. of Engrg 
(Aero.), Design Engr., Commonwealth 
Aircraft Corp. Pty, Ltd. (Australia); 
currently assigned as Resident Rep., North 
American Aviation, Inc. 

Schmalbeck, George L., Jr., B.S.Ae.E., 
Chief Admin. Engr., Globe Corp., Air 
craft Div. 

Silver, Alfred H., Ph.D., Tech. Engr., 
Aircraft Gas Turbines Div., General 
Electric Co. (Lockland). 

Tani, Itiro, Kogakuhakushi (Advanced 
degree), Visiting Fellow in Aero. Engrg., 
Graduate School of Aero. Engrg., College 
of Engrg., Cornell Univ.; Prof. of Fluid 
Mechanics & Aerodynamics, Inst. of 
Science & Tech., Tokyo Univ. 

Turner, James H., B.S., Lt. Comdr 
& Asst. Ground Training Officer (Aerol- 
ogy), U.S. Naval School, All Weather 
Flight, U.S.N., N.A.S. (Corpus Christi) 

Verba, Michael, Jr., B.S.M.E., Aero- 
dynamicist, North American Aviation, 
Inc. (Los Angeles). 

Weil, Howard H., B.S. in M.E., Struct 
Test Engr., The Glenn L. Martin Co. 
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High Performance — Compactness 
Achieved in new EEMCO Motor 
for Missile Application 


EEMCO designs for the 
future in cooperation with 
the leading producers of air- 
craft and guided missiles. 
Our specialty and responsi- 
bility is to provide practical 
solutions to the actuator and 
motor problems of tomor- 
row’s aircraft. 


This new, 2 h.p., 115 V DC motor 
designed by EEMCO provides 12,000 
r.p.m. at continuous duty. An internal 
spline drive within armature shaft allows 
for a close coupled, extremely compact 
assembly, to drive a 400 cycle, 3 phase 
permanent magnet alternator. Provision 
is made in motor winding to maintain 
constant output speed with varying con- 
ditions of voltage and load. Unit is 
equipped with radio noise filter. 


ELECTRICAL ENGINEERING 
& MANUFACTURING CORP. 


4612 WEST JEFFERSON BOULEVARD 
LOS ANGELES 16, CALIFORNIA 
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Transferred to MEMBER Grade 


Congdon, Elmer S., B.S.M.E. (Aero.), 
Helicopter Flight Test Engr., N.A.T.C. 
(Patuxent River). 

Gipe, Jack R., B.S.Ae.E., Instrumenta- 
tion Engr. ‘‘A,’”’ Chance Vought Aircraft 
Div., United Aircraft Corp. ( Dallas). 

Rogers, Don E., M.S.A.E., Research 
Engr., Combustion Group, Jet Propulsion 
Lab., California Institute of Technology. 


Elected to Associate Member Grade 


Magner, Austin P., L.L.M. (Internatl. 
Law), Attorney, Condon & Forsyth. 

Mosbacher, David, Editor, Publisher, 
Managing Dir., Air Age, Inc.; Tel-Aero 
Assoc. 


Elected to Technical Member Grade 


Alcorn, Norvin E., Aerodynamicist ‘‘A,” 
Northrop Aircraft, Inc. 

Connors, Harold D., M.S.M.E., Tech. 
Engr., Aircraft Gas Turbine Div., General 
Electric Co. (Lynn). 

Garlock, Ned E., B.S.A.E.E., Jr. Engr., 
Marquardt Aircraft Co. 

Ort, Harold, B.M.E., Design Engr., 
General Electric Co. (Lynn). 

Stasinos, Nick G., Designer-Mechani- 
cal Engr., Hughes Aircraft Co. 

Thing, Charles M., B.S.E.E., Applica- 
tion Engr., General Electric Co. (Lynn). 

Vester, John A., B.S.Aec.E., Weights 
Analyst, Tech. Sect., North American 
Aviation, Inc. (Columbus). 


Transferred to Technical Member 
rade 


Anderson, Herbert, M.S., Lt. Col. & 
Pilot, U.S.A.F. 


Athanasulis, Paul W., B.S. in A.T.E. 


ENGINEERING REVIEW 


Bueker, Robert A., B.S. in Ae.E., 
Engrg. Draftsman, Struct. Sect., Douglas 
Aircraft Co., Inc. (Santa Monica). 

Burgess, Robert K., B.S., Flight Re- 
search Engr., Sikorsky Aircraft Div., 
United Aircraft Corp 

Cantrell, Claude J., B.S.M.E. (Aero.), 
Research Engr., Production 
Div., Humble Oil Co 


Research 


Carpenter, Jerry, B.S.M.E. (Aero.) 


Dethman, Ivan H., B.S. in Ae.E., 
Capt., U.S.A.F.; Aero. Engr., Wright- 
Patterson A.F.B 

Edstrom, Clarence R., B.S. in Ae.E., 
A/3C, U.S.A.F.; Proj. Engr., 6501st 
Support Sq., W.A.D.C., Wright-Patterson 
A.F.B. 


French, William R., Jr. Engr., Furnish- 
ings Group, Consolidated Vultee Aircraft 
Corp. (San Diego 

Garver, Hugh, B.S., Research Asst., 
Engrg. Exp. Station, The Pennsylvania 
State College 

Gevarter, Sol W., B.S. in Ae.E., Aero. 
Research Intern, Lewis Flight Propulsion 
Lab., N.A.C.A. 

Goldberg, Gerald L., B.S. in Ae.E., 
Jr. Stress Analyst, Goodyear Aircraft 
Corp. 

Hainsworth, Thomas E., B.S., 2nd 
Lt., US.A.F. 


Harmening, Wayne A., B.S. in Ae.E., 
Layout & Design Engr., 
McDonnell Aircraft Corp. 


Helicopter Div., 


Hunter, J. Ross, B.S. (Air Transporta- 
tion), Field Serv. Engr., Piasecki Heli- 
copter Corp. 

Huxhold, William J., B.S. in Ae.E., 
Product Engr., Western Electric Co. 

Landon, Richard J., Loftsman “B,” 
North American 
Angeles). 


Aviation, Inc. (Los 


AUGUST, 1952 


Magula, Anthony W., B.S. in Ae.E., 
Research Analyst “A,” North American 
Aviation, Inc. (Downey). 

Mattingly, Thomas E., Engrg. Drafts- 
man, Northrop Aircraft, Inc. 

Miller, Robert E., B.S. in Ae.E., Stu- 
dent & Part-time Instr., Univ. of Kansas 

Molinari, L. F., Engrg. 
North American 
Angeles). 

Monaco, Herman A., B.Sc. in Ae.E., 
Gen. Design, Goodyear Aircraft Corp 

Ozarko, Henry S., B.S. in Ae.E., 
Proj. Engr., David Taylor Model Basin 
(Carderock). 

Pfannmullen, Julian H., Sr. Designer, 
Goodyear Aircraft Corp. 

Ruede, J. G., Engrg. Draftsman ‘‘B,”’ 
North American Aviation, Inc. (Los 
Angeles). 

Ruppenstein, Frederick G., Methods 
Analyst, Republic Aviation Corp. 

Smith, Abram W., B.S. in Ae.E., Jr. 
Engr., Boeing Airplane Co. (Seattle ) 

Sowa, William W., B.S. in Ae.E., 


Draftsman, 
Aviation, Inc. (Los 


Capt., U.S.M.C.; Naval Aviator & 
Aircraft Maint. Officer, ALF Edenton 
(N.C.) 


Spencer, Jerold R., B. of Ae.E., Engrg. 
Draftsman, North American Aviation, 
Inc. (Columbus). 

Story, Edwin “J,” B.S. in Ae.E., Ens., 
U.S.S. Palau, U.S.N. 

Vance, Calvin H., Liaison Engr., Assess- 
ment Div.; assigned to Navy Missile 
Test Center, Pt. Mugu, Northrup Aero 
Inst. 

Winker, James A., B.Ae.E., Data 
Analyst, Gen. Mills Aero. Research Lab 

Winsor, Kenneth J., B.S. in Ae.E., 
Draftsman ‘‘A,”’ Struct. Devel. Group, 
Douglas Aircraft Co., Inc. (Santa Monica 

Wirth, Jack s., B.S. in Ae.E., Aero 
dynamicist ‘‘C,’’ North American Avia 
tion, Inc. (Los Angeles). 


The Earth's Atmosphere 


H. E. Roberts, including 20- by 16-in. colored chart (Reprinted from the 
October, 1949, AERONAUTICAL ENGINEERING REVIEW 


These may be obtained by writing to 


Special Publications 


Member Nonmember 
Rate Rate 

$ 3.00 $ 5.00 
29.50 4.00 
1.00 1.50 

0.65 1.00 


Publications Department, Institute of the Aeronautical Sciences, Inc., 2 E. 64th St., New York 21, N.Y. 
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MARTIN P5M-1 MARLIN SUB-SMASHER 


A deadly anti-submarine weapon de- 
signed to detect surfaced and snorkel- 


ing submarines. 


Once the sub has 


been located, this big seaplane carries 
the killing punch in its bomb bays to 


destroy the enemy raider. 


MARTIN MARLIN “CHASES ITS 


4 
; 
» 
oe 


TAIL” 


WITH A NEW KIND OF RUDDER 


Hydro-flaps on the Martin Marlin are underwater rudders and brakes that 
make possible quick turns and fast maneuvering in restricted waters. The 
Marlin, as shown, can turn ina radius of about 1-1/2 times wingspan; which 


Shown above 


is 


the Barber-Colman 
Micropositoner* polar- 


ized relay. 


BARBER 


COLMAN 


is approximately one-third the minimum radius required with engines alone. 


BARBER-COLMAN MICROPOSITIONER 
PROVIDES RAPID ACTION OF HYDRO-FLAPS 


The flaps, located on each side of the air- 
plane’s hull near the stern, are operated 
by hydraulic units and may be used sep- 
arately when turning, or together when 
braking action is desired. The control 
system for the hydro-flaps uses 
Barber-Colman Micropositioners*, one 
for each flap, which transmit the govern- 
ing signal to the hydraulic system valve. 
A transmitting potentiometer is geared 
to each flap pedal at the flight station, 


and the follow-up potentiometers are 
geared to the flaps. The result is a pair 
of self-balancing resistance bridge cir- 
cuits with polarized relays to provide 
selective and rapidly variable remote po- 
sitioning without oscillation or hunting. 
This is only one of many specialized Control 
Systems which have been developed and 
adapted to military and civilian aircraft 
using Barber-Colman components. Write 
for Aircraft Products Catalog F-4141. 


Engineering Sales Offices: Los Angeles, Seattle, Chicago, Baltimore, New York, Montreal 


*Reg. U.S. 


Pat. Off. 


BARBER-COLMAN COMPANY 
1245 ROCK STREET, ROCKFORD, ILLINOIS 
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Thick skin magnesium air frame construction offers many advantages. 


The illustration at left shows how magnesium skin has simplified 
construction of this fuselage section. Note the absence of longitudinal 
stiffeners which not only makes production faster and easier but gives 
more interior space. 


Other advantages of magnesium sheet and plate are greater torsional 
rigidity, high resistance to impact, less critical corrosion and better 
contours because thick skin permits flush riveting. 


To meet critical problems of weight and rigidity, look to magnesium, 
the world’s lightest structural metal. 


THE DOW CHEMICAL COMPANY 
Magnesium Department ¢ Midland, Michigan 


New York Boston Philadelphia Atlanta Cleveland « Detroit 
Chicago « St. Lovis * Houston * San Francisco * Los Angeles © Seattle 
Dow Chemical of Canada, Limited, Toronto, Canada 
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Aeronautical Reviews 


A Guide to the Current Literaiwe 
Aeronautical Research and Engineering 


I. PERIODICALS AND REPORTS 


The abstracts are classified according to the Air Technical Index Distribution Guide. Numbers in parentheses indicate 
the position of the Division Headings in the numerical arrangement. 


Aerodynamics (2) Construction Techniques.......... 89 Maintenance (25). ae 99 
Boundary Layer & Thermoaero- Electronic Tubes. .. 89 Materials (8)........... 
dynamics. . . 80 Measurements & Testing.......... 89 Ceramics & Ceramals. . 94 
Fluid Mechanics & Aerodynamic Navigation Aids........ .. 89 Corrosion & Protective Coatings. ee” 
Internal Flow. .... 82 Transmission Lines. ..... 90 Nonmetallic Materials. 
Natural Flight... . 82 Wave Propagation...... 99 Sandwich Materials........ 95 
Performance. ..... 84 Education & Training (38). Meteorology (30). 95 
ings & . .. . Hydraulic & @ Photography (26) 
Aeroelasticity . . 34 Flight Operating Problems (31) Power Plants 
Air (41). .. 84 Ice Prevention & Removal... . . 90 Jet & Turbine (5).... 96 
Airplane Design (10) Noise Reduction........ 90 Reciprocating (6). . . ott Geo oe 
Airplane Descriptions... . . 84 Refueling in Flight... .. 90 Rocket (4). C6 
Ejection Seats.......... 84 Weather Hazards. . . ; 90 Production (36)...... 96 
Fuel Tanks....... : 84 Flight Safety & Rescue (15). . .. 90 Propellers (11)....... 98 
kanding Gear. . 84 Fuels & Lubricants (12)..... Reference Works (47). 98 
Operation & Performance . 86 92 Rotating Wing Aircraft (34) 100 
Wing Group........ 86 Instruments (9)......... Sciences, General 
86 Laws & Regulations (44)...... 99 Mathematics . 100 
Aviation Medicine (19).......... 86 Machine Elements (14) 100 
Computers & Simulators. . ; Me 86 Bearings......... A 99 Space Travel. . sae 100 
Electronics (3)...... 86 Fastenings...... . 92 Structures (7)............ 100 
Antennas...........-- Gears & Cams...... 99 Thermodynamics (18). . 110 
Circuits & Components. . . - 86 Mechanisms & Linkages . ; .. 92 Water-Borne Aircraft (Q1).......... 110 
Communications... .. 89 Transmissions, Clutches, & Drives .. 92 Wind Tunnels and Research Facilities... 110 


ll. BOOKS REVIEWED IN THIS ISSUE 


Books, reports, and periodicals reviewed in this issue or in pre- bers ($0.40 to nonmembers) for each 8!/2- by 11l-in print and 
vious issues may be borrowed on 2-week loan without charge by $0.35 to members and Corporate Members ($0.45 to nonmembers) 
individual or Corporate Members of the Institute in the U.S. and for each 11!/,- by 14-in. print, plus postage. A service charge 
Canada. Members of The Paul Kollsman Lending Library who of $1.00 is made to nonmembers of the I.A.S. Rates for micro- 
are not Members of the Institute may borrow books and, in spe- film copies will be sent on request. 
cial cases, other research material. Members of the I.A.S. may Bibliographies on special subjects will be compiled at the rate 
borrow also from the Engineering Societies Library through The of $2.50 per hour. Translations of technical literature from for- 
Paul Kollsman Lending Library. eign languages may be obtained at $12 to $14 per 1,000 words. 

Photostatic copies of material in the Institute’s libraries may depending on the language. I.A.S. members receive a 20 per 
be obtained at a cost of $0.30 to members and Corporate Mem- cent discount on bibliographies and translations. 


Full information about library membership and facilities will be sent upon request to The Paul Kollsman 
Lending Library, ? East 64th St.. New York 21, N.Y. 
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You'll find it easy to do better work with 
Arkwright Tracing Cloth—and here are three 
specific reasons why: 

1 You can re-ink razor-sharp lines over any 
erasure without “feathering” or “blobbing”’. 

2 You're never slowed down by pinholes, 
uneven yarns or other imperfections. 

3 You can always count on clean, clear 
reproduction—even years after you make 
the drawing. Arkwright Tracing Cloth 
is permanently transparent—won’t turn 
opaque, brittle or paper-frayed with age. 

They’re important reasons for 

putting your best work on 

Arkwright Tracing Cloth. 

Like a sample? Write 

Arkwright Finishing Co., 

Industrial Trust Building, 

Providence, R. I. 
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Aerodynamics (2) 


BOUNDARY LAYER & THERMOAERODYNAMICS 


The Boundary Layer Fence. Wolfgang Liebe. JI[nteravia, 
Vol. 7, No. 4, April, 1952, pp. 215-217, illus. 

Aerodynamics of the boundary-layer fence; results of flight 
tests in Germany in 1938 on the use of the boundary-layer fence 
to reduce stalling on the Messerschmitt Me 109; present-day 
aircraft that are equipped with boundary-layer fences. 

Experimental Investigation of the Turbulent-Boundary- 
Layer Temperature-Recovery Factor on Bodies of Revolution 
at Mach Numbers from 2.0 to 3.8. Howard A. Stine and Richard 
Scherrer. U.S., N.A.C.A., Technical Note No. 2664, March, 
1952. 20 pp.,illus. S8 references. 

Readers’ Forum: An Approximate Method for the Calculation 
of the Laminar and Turbulent Boundary Layer by Simple Quad- 
rature for Two-Dimensional and Axially Symmetric Flow. E. 
Truckenbrodt. Journal of the Aeronautical Sciences, Vol. 19, 
No. 6, June, 1952, pp. 428, 429, illus. 10 references. 

Critical Study of Integral Methods in Compressible Laminar 
Boundary Layers. Paul A. Libby, Morris Morduchow, and 
Martin Bloom. U.S., N.A.C.A., Technical Note No. 
March, 1952. 40 pp., illus. 24 references. 

Comparison of the amount of calculation and accuracy of 
results of some integral methods of obtaining boundary-layer 
characteristics to determine which method gave the required 
data most accurately and most conveniently. The methods con 
sidered were: the one-parameter von Karman-Pohlhausen 
method, with three different assumptions for the velocity profiles, 
and the two-parameter method, with two different assumptions 
for the velocity profiles. 

Laminar Boundary Layer over Flat Plate in a Flow Having 
Circular Streamlines. Artur Mager and Arthur G. 
U.S., N.A.C.A., Technical Note No. 2658, March, 1952. 
illus. 15 references. 


2655, 


Hansen. 
28 pp., 


An investigation of laminar-boundary-layer development over 
a semi-infinite plate in a flow with concentric circular streamlines 
with the limitation of small total turning of the main stream flow. 
The study was undertaken to demonstrate the influence of vis 
cosity and compressibility on the secondary flow in relatively thin 
boundary layers. 

The Structure of the Turbulent Boundary Layer. A. A. 
Townsend. Cambridge Philosophical Society, Proceedings, Vol 
17, Part 2, April, 1951, pp. 375-395, illus. 13 references. 

Investigation of the turbulent motion in a boundary layer with 
zero pressure gradient, using hot-wire anemometers to measure 
the intensities of the velocity components, shear stresses, and 
other turbulent boundary-layer characteristics. 

Analysis of Turbulent Free-Convection Boundary Layer on 
Flat Plate. E.R. G. Eckert and Thomas W. Jackson. (U.S., 
N.A.C.A., Technical Note No. 2207, 1950.) U.S., N.A.C.A., 
Report No. 1015, 1951. 7 pp., illus. 9 references. Superin 
tendent of Documents, Washington. $0.15. 


FLUID MECHANICS & AERODYNAMIC THEORY 


Slow Motion of Viscous Liquid Near a Half-Pitot Tube. W.R 
Dean. Cambridge Philosophical Society, Proceedings, Vol. 48, 
Part 1, January, 1952, pp. 147-167, illus. 6 references. An 
experimental investigation in which half-pitot tubes were used to 
measure two-dimensional fluid velocities as near as possible to a 
fixed boundary. 

On Boltzmann’s Equation in the Kinetic Theory of Gases. 
E. Wild. Cambridge Philosophical Society, Proceedings, Vol. 47 
Part 3, July, 1951, pp. 602-609. 2 references. 

On the Propagation of Disturbances from Moving Sources. 
A. G. Walters. Cambridge Philosophical Society, Proceedings, 
Vol. 47, Part 1, January, 1951, pp. 109-126, illus. 8 references 

Green’s vibrational functions are used to obtain a general 
expression for the disturbance from a point source. From 
the expression the potential due to transient sources of sound 
moving with subsonic and supersonic velocities is derived. 

Application of Transonic Similarity. Adolf Busemann. U.S., 
V.A.C.A., Technical Note No. 2687, April, 1952. 22 pp., illus. 

Summary of the important points of the background of tran 
sonic similarity in quasi-two-dimensional flow in order to stabilize 
the variation of opinion concerning its applications. The 
appendix covers the application of transonic similarity to axi 
symmetric bodies. 
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Readers’ Forum: On the Stability of Plane Parallel Laminar 
Flows to Two- and Three-Dimensional Disturbances. Marti 
Lessen. Journal of the Aeronautical Sciences, Vol. 19, No. 6, 
June, 1952, pp. 481,432. 2 references. 

On the Slow Motion of a Sphere Along the Axis of a Rotating 
Fluid. K. Stewartson. Cambridge Philosophical Society, Pro 
ceedings, Vol. 48, Part 1, January, 1952, pp. 168-177. 5 refer 
ences. 

The General Motion of a Sphere in a Viscous Liquid. M. P 
Drazin. Cambridge Philosophical Society, Proceedings, Vol. 47, 
Part 1, January, 1951, pp. 142-145. 1 reference. 

Two-Dimensional Subsonic Flow past Elliptic Cylinder by the 
Variational Method. G. V. Rao. U.S., N.A.C.A., Technica 
Note No. 2666, March, 1952. 39 pp.,illus. 14 references. 

The Similarity Law for Nonsteady Hypersonic Flows and 
Requirements for the Dynamical Similarity of Related Bodies in 
Free Flight. Frank M. Hamaker and Thomas J. Wong. U.S., 
N.A.C.A., Technical Note No. 2631, February, 1952. 24 pp., 
illus. 4 references. 

A Solution of the Navier-Stokes Equation for Source and Sink 
Flows of a Viscous Heat-Conducting Compressible Fluid. Robert 
V. Hess. U.S., N.A.C.A., Technical Note No. 2630, February, 
1952. 60 pp.,illus., folding charts. 24 references. 

Wave Reflexion Near a Wall. A. Robinson. Cambridge 
Philosophical Society, Proceedings, Vol. 47, Part 3, July, 1951, 
pp. 528-544, illus. 7 references. 

Analysis of the reflection of a shock or expansion wave near a 
rigid wall, considering any arbitrary velocity profile that varies 
from zero at the wall to a constant supersonic velocity in the main 
stream. 

A Note on the Correspondence Between the x,t-Plane and the 
Characteristic Plane in a Problem of Interaction of Plane Waves 
of Finite Amplitude. P.M. Stocker and R. E. Meyer. Can 
bridge Philosophical Society, Proceedings, Vol. 47, Part 3, July, 
1951, pp. 518-527, illus. 6 references. Analysis of the head 
on interaction, in the one-dimensional unsteady isentropic flow 
of a perfect gas, of a simple shock and a simple expansion wave. 

On the Interaction Between Shock Waves and Boundary 
Layers. K. Stewartson. Cambridge Philosophical Society, Pro 
ceedings, Vol. 47, Part 3, July, 1951, pp. 545-553. 9 references. 

Readers’ Forum: Diffraction of Blasts by Axisymmetric Bodies. 
H. F. Ludloff and M. B. Friedman. Journal of the Aeronautical 
Sciences, Vol. 19, No. 6, June, 1952, pp. 425, 426, illus. 2 refer- 
ences. 

Generalized Linearized Conical Flow. W. D. Hayes, R. C. 
Roberts, and N. Haaser. U.S., N.A.C.A., Technical Note No. 
2667, March, 1952. 48 pp., illus. 11 references. Development 
of the basic theory of generalized linearized conical flow; som« 
aerodynamic applications of the theory. 

Supersonic Conical Flow. Stephen H. Maslen. U.S., N.A.C.A., 
Technical Note No. 2651, March, 1952. 32 pp., illus. 24 
references. A method for the solution of the nonlinear equa 
tions for supersonic conical flow. The solution is mostly numeri 
cal, using the methods of characteristics and relaxation. 


Transonic Flow Past Finite Wedges. A.G. Mackie and D. C 
Pack. Cambridge Philosophical Society, Proceedings, Vol. 48, 
Part 1, January, 1952, pp. 178-187. 12 references. 

A physically possible solution for the two-dimensional flow 
of an infinite stream, subsonic at infinity, past infinitely long 
wedges of finite sloping edge is obtained directly from the gener 
alized solution arrived at by the hodograph method. 

Pressure Fluctuations in Isotropic Turbulence. G. K. Batch 
elor. Cambridge Philosophical Society, Proceedings, Vol. 47, 
Part 2, April, 1951, pp. 359-374, illus. 16 references. 

Development of a formal expression for the correlation P(r) 
between the fluctuating pressures at two different points distance 
r apart in a field of homogeneous isotropic turbulence. The 
pressure correlation function at large Reynolds Numbers of 
turbulence is worked out in detail. 

On the Law of Decay of Homogeneous Isotropic Turbulence 
and the Theories of the Equilibrium and Similarity Spectra. 
S. Goldstein. Cambridge Philosophical Society, Proceedings, 
Vol. 47, Part 3, July, 1951, pp. 554-573. 21 references. 

Triple Velocity Correlations in Isotropic Turbulence. R. W. 
Stewart. Cambridge Philosophical Society, Proceedings, Vol. 47 
Part 1, January, 1951, pp. 146-157, illus. 11 references. 

Measurement of the triple velocity correlation, using an elec 
tronic circuit based on Townsend's triple correlation, of the tur- 
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bulence produced by the insertion of «a square-mesh grid at the 
beginning of the wind-tunnel working section over a range of 
Reynolds Numbers covering most of the initial period of the decay 
of turbulence. 

A Comparison of Heisenberg’s Spectrum of Turbulence with 
Experiment. Ian Proudman. Cambridge Philosophical Society, 
Proceedings, Vol. 47, Part 1, January, 1951, pp. 158-176, illus 
13 references. 


INTERNAL FLOW 


Application of a Channel Design Method to High-Solidity 
Cascades and Tests of an Impulse Cascade with 90° of Turning. 
John D. Stanitz and Leonard J. Sheldrake. U.S., N.A.C.A., 
Technical Note No. 2652, March, 1952. 65 pp., illus. 16 refer- 
ences. 

Experimental Investigation of a 90° Cascade Diffusing Bend 
with an Area Ratio of 1.45:1 and with Several Inlet Boundary 
Layers. Daniel Friedman and Willard R. Westphal. U.S., 
N.A.C.A., Technical Note No. 2668, April, 1952. 30 pp., illus 
5 references. 

Three-Dimensional Flow in Axial Compressors. J. R. Schnit 
ger. (Tcknisk Tidskrift, Vol. 81, No. 46, December 15, 1951, 
pp. 1087-1089.) Engineers’ Digest, Vol. 12, No. 3, March, 1952, 
pp. 89, 90, illus. Application of the vortex-field and radial 
equilibrium theories to determining the three-dimensional flow 
characteristics in axial compressors. 

A Technique Applicable to the Aerodynamic Design of Inducer- 
Type Multistage Axial-Flow Compressors. Melvyn Savage and 
Loren A. Beatty. U.S., N.A.C.A., Technical Note No. 2598, 
March, 1952. 62 pp.,illus. 9 references. 

Effect of Mach Number on the Flow and Application of Com- 
pressibility Corrections in a Two-Dimensional Subsonic-Tran- 
sonic Compressor Cascade Having Varied Porous-Wall Suction 
at the Blade Tips. William B. Briggs. U.S., N.A.C.A., Tech- 
nical Note No. 2649, March, 1952. 43 pp.,illus. 5references. 

Analytical Investigation of Some Three-Dimensional Flow 
Problems in Turbomachines. Frank E. Marble and Irving 
Michelson. U.S., N.A.C.A., Technical Note No. 2614, March, 
1952. 109 pp.,illus. 29 references. 

Theoretical investigation of the flow of an incompressible 
inviscid fluid through a turbomachine with blade rows consisting 
of an infinite number of similar infinitely thin blades which was 
undertaken to examine the three-dimensional flow phenomena and 
to illustrate the methods of calculation. 

Two-Dimensional Losses in Turbine Blades. Charles A 
MacGregor. Journal of the Aeronautical Sciences, Vol. 19, No. 6, 
June 1952, pp. 404-408, 4382, illus 

Results of tests on three turbine blades of different design char 
icteristics in a two-dimensional cascade tunnel at varying angles 
of attack, stagger angles, and solidity at M = 0.4 and R = 
6.5 & 10°. Calculations of the boundary-layer loss, based on 
the measured pressure distributions, are compared with test data. 

Slow Motion of Viscous Liquid in a Semi-Infinite Channel. 
W.R. Dean. Cambridge Philosophical Society, Proceedings, Vol 
47, Part 1, January, 1951, pp. 127-141, illus. 4 references. 

Concerning the Flow About Ring-Shaped Cowlings. VIII- 

Further Measurements on Annular Profiles. Dietrich Kiiche- 
mann and Johanna Weber. (ZWB, Forschungsbericht, No. 
1236/8, March 25, 1943.) U.S., N.A.C.A., Technical Memo- 
randum No, 1328, February, 1952. 11 pp.,illus. 4 references. 
: Readers’ Forum: Comments on ‘‘Supersonic Flow of a Two- 
Dimensional Jet’? by S. I. Pai. E. B. Klunker and Keith C. 
Harder. Author’s Reply. Journel of the Aeronautical Sciences, 
Vol. 19, No. 6, June, 1952, pp. 427,428. 1 reference. 

Readers’ Forum: Effect of Wind-Tunnel Nozzle on Steady- 
Flow Nonuniformities. H.S. Ribner and M. Tucker. Journal 

f the Acronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 426, 
127, illus. 3 references. Analysis of the turbulence carried by 
the wind-tunnel stream, using the spectrum concept, and includ 
ing the effects of the compressibility of the flow. 


NATURAL FLIGHT 


Flight and Natation. I. Denys Jones. Sailplane and 
Glider, Vol. 20, No. 3, March, 1952, pp. 2-6, illus. Comparison 
of the action of a simple two-bladed propeller with the wing action 
of birds. 
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—new Douglas Aircraft Computers 


So complex have modern planes become 
that thousands of hours go into their 
design. One mathematical problem might 
take weeks to solve. 

To shorten these steps, Douglas has 
developed automatic computers, ana- 
lyzers, and measuring devices which 
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work out problems faster than an engi- 
neer can write them down—codagraphs, 
iconologs, digital converters. Some take 
data transmitted electronically, while 
a plane is in flight, and solve it before the 
pilot lands—others work with guided 
missiles. But all are designed to simplify 
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engineering problems, and can be used 
in any industry. 

Development of these electronic de- 
vices is further proof of Douglas leader- 
ship, helps Douglas produce planes in 
quantity—to fly further and faster with 
a bigger payload. 
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PERFORMANCE 


Problems of Transonic Flight. A. N. Clifton. Royal Aero 
nautical Society, Journal, Vol. 56, No. 495, March, 1952, pp. 155 
171, illus. 

An analysis of the problems of drag and thrust, stability and 
control, and temperature effects and their application to the 
aerodynamic design of fighter and other military aircraft that 
fly in the transonic region. 


STABILITY & CONTROL 


A Description and a Comparison of Certain Nonlinear Curve- 
Fitting Techniques, with Applications to the Analysis of Transient- 
Response Data. Marvin Shinbrot. U.S., N.A.C.A., Technical 
Note No. 2622, February, 1952. 41 pp., illus., tables. 10 refer 
cnces. 

Explanation of several least-squares methods of curve-fitting 
a set of data to a nonlinear function; the methods are each 
applied to fit flight data to a sum of two exponentials to illustrate 
their use in calculating aircraft stability parameters. 

Calculation of the Lateral-Dynamic Stability of Aircraft. 
A. Raikh. (Moscow, Tsentral’nyi Aero-Girodinamicheskii In 
stitut, Trudy, No. 453, 1939.) U.S., N.A.C.A., Technical Mem 
orandum No, 1264, February, 1952. 82 pp., illus. 14 references 


WINGS & AIRFOILS 


High-Speed Subsonic Characteristics of 16 NACA 6-Series 
Airfoil Sections. Milton D. Van Dyke. U.S., N.A.CA., 
Technical Note No. 2670, March, 1952. 65 pp., illus. 10 refer 
cnees. 

General Reverse Flow and Variational Theorems in Lifting- 
Surface Theory. A. H. Flax. Journal of the Aeronautica 
Sciences, Vol. 19, No. 6, June, 1952, pp. 361-374, illus. 25 
references. 

Presentation of a general form of the relationship between the 
characteristics of wings in direct and reverse flows which is 
applicable, within the limits of linearized lifting surface theory, to 
wings of any plan forin in subsonic or supersonic flows. 

Readers’ Forum: On an Extension of Slender-Wing Theory. 
Mae C. Adams and W. R. Sears. Journal of the Aeronautical 
Sciences, Vol. 19, No. 6, June, 1952, pp. 424, 425, illus. 4 refer 
cnees. Extension of the slender-wing theory of Munk and Jones 
to cover thin wings in supersonic steady flow. 

Readers’ Forum: On the General Solution for Unsteady 
Motion of a Rectangular Wing in Supersonic Flow. John W 
Miles. Journal of the Aeronautical Sciences, Vol. 19, No. 6, 
June, 1952, pp. 421,422. S references. 


Aeroelasticity 


Charts and Approximate Formulas for the Estimation of Aero- 
elastic Effects on the Loading of Swept and Unswept Wings. 
Franklin W. Diederich and Kenneth A. Foss. U.S., N.A.C.A., 
Technical Note No. 2608, February, 1952. 98 pp., illus. 8 refer 
cuces. 

Charts and approximate formulas for estimating aeroslastic 
effects on the spanwise lift distribution, lift-curve slope, aero 
dynamic center, and damping in roll of swept and unswept wings 
at subsonic and supersonic speeds. 

Investigation of the Structural Damping of a Full-Scale Air- 
plane Wing. Dwight O. Fearnow. (U.S., N.A.C.A., Research 
Memorandum No. L51A04, March 9, 1951.) U.S., N.A.C.A.., 
Technical Note No, 2594, February, 1952. 11 pp., illus. 4 refer 
cnees. 

Readers’ Forum: A Nyquist Approach to Flutter. John 
Dugundji. Journal of the Aeronautical Sciences, Vol. 19, No. 6, 
June, 1952, pp. 422, 423, illus. 3 references. Application of the 
Nyquist diagram to an analysis of two-dimensional two-degree 
of-freedom bending-torsion flutter. 


Air Transportation (41) 


Some Operating Problems of Future Transport Aircraft. 
Christopher Dykes. Royal Aeronautical Society, Journal, Vol 
56, No. 495, March, 1952, pp. 189-200, illus. 3 references 
Problems in the commercial operation of turbine-powered 


transport aircraft; solutions for current design and productio: 
problems. 

Civil Aircraft and the Future. Peter G. Masefield. Shel 
Aviation News, No. 164, February, 1952, pp. 4-6, illus. 

Problems of producing civil aircraft types in sufficient quantity 
to meet growing air transportation needs in Britain and for ex 
port; the long-range replacement program for British airlines 
helicopter developments; a proposed program for the develop 
ment of new transport aircraft. 

Comet Flight-Planning; A Survey of Principal Considerations 
in the Operational Technique Employed. Flight, Vol. 61, No 
2257, April 25, 1952, pp. 490-493, illus. 

The results and applications of performance and navigational 
research undertaken by B.O.A.C. for the purpose of controlling 
the performance of the Comet service scheduled between London 
and Johannesburg. 

Safety and Equipment Policy from an Airline Viewpoint. 
Bo Hoffstroem. Jnteravia, Vol. 7, No. 4, April, 1952, pp. 187 
189, illus. 


Airplane Design (10) 
AIRPLANE DESCRIPTIONS 


Auster B.4 Single-Engined Ambulance-Freighter Aircraft, 
England. Flight, Vol. 61, No. 2254, April 4, 1952, pp. 370—372, 
illus. 

Auster J.5 F Aiglet Fully-Aerobatic Trainer Aircraft, England. 
Flight, Vol. 61, No. 2256, April 18, 1952, pp. 456, 457, illus. 

Canadair CL-21 Twin-Engined 32-Place Feeder-Liner, Canada. 

1merican Aviation, Vol. 16, No. 1, June 9, 1952, pp. 18, 19, illus 
de Havilland D. H. 106 Comet Four-Engined Turbojet Trans- 
port Aircraft, England. Flight, Vol. 61, No. 2257, April 235, 
1952, pp. 495-502, illus. Development, performance charac 
teristics, and power plant. 

de Havilland D.H.C.-3 Otter Single-Engined 8-14 Place Air- 
craft, Canada. James Hay Stevens. Flight, Vol. 61, No. 2255, 
April 11, 1952, pp. 428, 429, 433, illus. 

Max Holste 152 Single-Engined All-Metal Light Aircraft, 
France. Aeronautics, Vol. 26, No. 5, April, 1952, p. 35, illus. 

Piper Twin-Stinson Twin-Engined Four-Place Light Aircraft. 
Flight Magazine, Vol. 37, No. 4, April, 1952, pp. 16, 17, illus. 

Short SA-4 Four-Engined Turbojet Bomber, England. Acro 
nautics, Vol. 26, No. 2, March, 1952, pp. 33, 34, illus. Design 
of the Short SA-4 that has four Rolls-Royce Avon turbojets 
mounted in bunked pairs in external nacelles. 


EJECTION SEATS 


Ejection Capsule Promises Happy Landing. Aviation Week, 
Vol. 56, No. 15, April 14, 1952, p. 61, illus. 

Design and operation of an ejectable seat capsule developed by 
Goodyear Aircraft Corp. for use on multiplace naval aircraft 
fiving at sneeds up to 1,200 m.p.h. and at altitudes above 45,000 


Tt 


FUEL TANKS 


Integral Fuel-Tanks. G. B. Evans. Aircraft Production, 
Vol. 14, No. 162, April, 1952, pp. 110-114, illus. 

Methods of constructing, sealing, testing, and repairing the two 
integral 500-gal. fuel tanks that are located in the wing outboard 
on the nacelles on the Airs»eed Ambassador transport aircraft 


LANDING GEAR 


Effects of Wing Lift and Weigut on Landing-Gear Loads. 
Dean C. Lindquist. U.S., N.A.C.A., Technical Note No. 2645, 
March, 1952. 42pp.,illus. 2 references. 

Investigation of the effects of wing lift and weight on landing 
gear loads by means of drop tests of a small landing gear in the 
Langley impact basin. The tests covered a range of dropping 
weights between 1,000 and 2,590 Ibs., vertical contact velocities 
between 0 and 12 ft. per sec., and wing lift factors between 0 and 
20 

Bogie Undercarriages. R.C. Cussons. Flight, Vol. 61, No 
2254, April 4, 1952, pp. 425, 426, illus. An appraisal of the ad- 
vantages and disadvantages of a number of bogie-undercarriage 
units currently in use. 
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Over 85% of the torque wrenches used in industry are 


5S 


TORQUE WRENCHES 


Read by Sight, Sound or Feel 
© Permanently Accurate 


© Practically Indestructible 


® Faster—Easier to use 
Automatic Release 
@ All Capacities 


in inch ounces / 
.inch pounds {. 
.. foot pounds 


(All sizes from 
0-6000 ft. Ibs.) 


Every manufacturer, 

design and production 

man should have this valu- 
able data. Sent upon request. 


HOW IS YOUR 
METAL-WASHING MACHINE 
WORKING ? 


EVERYTHING IS OK! 
WE ARE GETTING 
OAKITE SERVICE 


Is your washing machine cleaning brass, aluminum and zinc die 
castings as well as it cleans steel? Do the nozzles clog too often? 
Is there too much foaming? 

Oakite has developed cleaning materials that meet every re- 


quirement for washing metal in every type of machine. 
You'll want to read the Oakite booklet on washing by machine 
—16 pages of suggestions like: 
4 How to select the best detergent. When 
to use a solvent. When to use alkali. 
See pages 4 to 8. 


8 things 
to look for 
when 
you wash metal 
by machine 


| How to prepare metal for painting. 
See page 9. 

Tips on selecting and operating washing 
machines. Special instrument aids to 
better operation, See pages /0 to 13. 


FREE For a copy of “8 things to look for 
when you wash metal by machine,” 
write to Oakite Products, Inc., 27 Rector St., 45 
New York 6, N. Y. eo 


OAKITE 


Specialized Industrial Cleaning + Materials Methods - Service 
Technical Service Representatives in Principal Cities of U.S. & Canada 


OAKITE PRODUCTS, 


AIRCRAFT APPROVED 


V5 


STAINLESS STEEL 


THREE-WAY NORMALLY OPEN AND 
NORMALLY CLOSED 


WEIGHT ONLY 1% LBS. APPROX. 32” HIGH 


Soft synthetic rubber inserts in plunger prevent 


leakage...Spring loaded for positive action...Power consump- 
tion approx. 10 watts...Usable in any position...Operating pres- 


sure to 150 P.S.I.... Fluid connections to suit your specifications. 


Some models for aircraft, such as valve illustrated, have 
Yellow Dot approval. Other solenoid aircraft valves available 


and under development for pressures to 3,000 P.S.I. 


Two-way normally open and normally closed solenoid valves 
for special media such as liquid oxygen, nitric acid and concen- 
trated hydrogen peroxide are also available in a variety of sizes. 
Inquiries regarding your solenoid valve 


problems dre welcomed. 


VALVE DIV. 


THE SKINNER CHUCK COMPANY 
143 Belden Ave., Norwalk, Conn. 


THE EMERSON ELECTRIC MFG. CO 
FLOMISSANT AVENUE 
ST 21. MO 
GENERAL @ Evectaic 


courant 


APPARATUS SALES DIVISION 


COMPpany 
We INDIANA GEAR WORKS 
THE PIERCE GOVERNOR COMPANY, INC. 
Keep 


WESTINGHOUSE 
ELECTRIC CORPORATION 


A representative exhibit of a few of our customers who have 
long used Bardwell & McAlister, Inc. as a source of supply for 


locking steel threaded inserts and 
studs in all materials softer than steel 


You are invited to join our “Good 
Company” — write for our Rosan 
Catalog, Dept. 43. 


ROSAN Threaded Insert ROSAN Locked-in Studs 


BARDWELL & McALISTER, Inc. 


BURBANK, CALIFORNIA 


The Original manufacturer of the Rosan Locking System 
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OPERATION & PERFORMANCE 


Civil Jet Aircraft Performance. Jhe Aeroplane, Vol. 82, 
No. 2125, April 11, 1952, pp. 483-436, illus. Problems and tech 
niques of performance estimation, measurement, and analysis for 
civil jet aircraft. 

A Trinity of Turbine Transports. Aeronautics, Vol. 26, No 
4, May, 1952, p. 59. 

Relative size, carrying power, range, and speed of three British 
transport aircraft: the Vickers Viscount 4-engined turboprop, 
the de Havilland Comet 4-engined turbojet, and the Bristol 
Britannia 4-engined turboprop. 

Boeing 377 Stratocruiser Four-Engined Transport Aircraft. 
D. A. Brice. Aeronautics, Vol. 26, No.2, March, 1952, pp. 26-32, 
illus. 

Douglas DC-3 Twin-Engined Transport Aircraft. kK. G 
Wilkinson. Aeronautics, Vol. 26, No. 3, April, 1952, pp. 24-27, 
illus. B.E.A.’s airworthiness requirements for the DC-3; meth 
ods of granting certificates and setting minimum requirements 
for single-engine performance. 

Vickers Varsity T.1 Twin-Engined Advanced Bombing Trainer 
and Valetta T.3 Twin-Engined Advanced Navigation Trainer 
Aircraft, England. Flight, Vol. 61, No. 2257, April 25, 1952, 
pp. 484, 485, illus. 


WING GROUP 


Duo-Mono Configuration Now Stall-Proof. David A. Ander 
ton. Aviation Week, Vol. 56, No. 16, April 21, 1952, pp. 32, 
34, 37, 38, illus. 

Design, development, and evaluation of the Duo-Mono wing 
configuration that has inherent boundary-layer control. The 
wing design, developed by the Pardel Development Corp., 
consists of a pair of tapered wings with positive gap and stagger 
of such proportions as to create favorable aerodynamic conditions 

Honeycomb Structural Techniques. Gilbert C. Close. Avia 
tion Age, Vol. 17, No. 4, April, 1952, pp. 6-9, illus. Method of 
machining and bonding the honeycomb 35H aluminum core 
used for the control surfaces of the Northrop F-89 Scorpion. 

Molded Wings. Aviation Age, Vol. 17, No. 4, April 1952, 
pp. 46-53, illus. Design problems and techniques of constructing 
aircraft wings of Durestos and other plastics. 


Airports (39) 


Aircraft Ramp Time. I. Paul H. Stafford and Wilfred Carsel 
slviation Age, Vol. 17, No. 4, April, 1952, pp. 38, 39, illus. 2 
references. 

General results of a study by the C.A.A. of the loading facilities 
and techniques in use at 108 airports which was undertaken to 
correct problems of airport overcrowding. 

Runway Design Methods for Multiple Wheel Landing Gears. 
International Civil Aviation Organization, Circular No. 25-A N/22, 
1952. 49 pp., illus., folding chart. 7 references. $0.25. 

Characteristics of the landing gear of present and proposed 
American, British, Canadian, and French aircraft types; design 
methods for runway with rigid and with flexible pavements for 
multiple-wheel landing gear. 


Aviation Medicine (19) 


Physiological Feedbacks; A Radio Man’s Introduction to 
Cybernetics. T. E. Ivall. Wireless World, Vol. 58, No. 4, 
April, 1952, pp. 137-140, illus. 1 reference. A simple explana 
tion of Cybernetics. The operation of the brain and nervous 
system is compared to that of a servomechanism. 

Human Exposures to Linear Deceleration. I-—Preliminary 
Survey of Aft-Facing Seated Position. John Paul Stapp 
U.S., Air Force, Technical Report No. 5915, June, 1949. 36 
pp., illus. 


Computers & Simulators 


Operation and Applications of the Differential Analyzer: 
W. G. Heffron. Product Engineering, Vol. 23, No. 4, April, 
1952, pp. 164-170, illus. 

Construction, operation, and applications of an analyzer that 
solves systems of differential equations and can include in the 
solution the effect of nonlinear relationships and empirical func 
tions as they actually appear. The problem of the recoil of a 


AUGUST, £952 


machine gun while firing is worked out in detail to illustrate the 
method of using the machine. 

A Coincident-Current Magnetic Memory Cell for the Storage 
of Digital Information. William N. Papian. Institute of Radio 
Engineers, Proceedings, Vol. 40, No. 4, April, 1952, pp. 475- 
178, illus. 3references. 

Development of small, ring-shaped ferromagnetic cores that 
can be used as coincident-current magnetic memory units and 
assembled into a two- or three-dimensional memory system with 
storage-cell selection at the intersection of two or three space co- 
ordinates for storing binary information. 

Sensing Device Turns Computer into Robot. Product Eng 
neering, Vol. 23, No. 4, April, 1952, p. 191, illus. 

Design and application of a magnetic-pickoff device for digital 
computers with which quantities such as temperature, pressure, 
or velocity can be converted to a shaft rotation and then fed into 
the computer. 

Automatic Digital Computer at Manchester University. 
Electronics Forum, No. 24, December, 1951, pp. 19-21. 

Construction and performance of the Ferranti digital computer 
Mark 1 that contains 3,500 tubes, twelve cathode-ray-tube stores, 
and a magnetic drum storing 16,000 twelve-digit numbers. Prob- 
lems can be put into the machine by teleprinter tape at the rate 
of 200 decimal digits per sec.; results are printed on a standard 
teleprinter. 

A Process for the Step-By-Step Integration of Differential 
Equations in an Automatic Digital Computing Machine. S. Gill 
Cambridge Philosophical Society, Proceedings, Vol. 47, Part 1, 
January, 1951, pp. 96-108. 1 reference. 

Ferroresonant Flip-Flops. Carl Isborn. Electronics, Vol. 25, 
No. 4, April, 1952, pp. 121-128, illus. Operating characteristics, 
construction, and circuit of the ferroresonant flip-flop that was 
developed to substitute for vacuum-tube flip-flops in automatic 
computers. 

Driftless D-C Amplifier. Frank R. Bradley and Rawley 
McCoy. Electronics, Vol. 25, No. 4, April, 1952, pp. 144-148, 
illus. 2 references. 

Circuit and operation of an all-electronic continuous-balancing 
system developed for the Reeves Instrument Corp. REAC 
analog computer which uses a chopper and an auxiliary a.c 
amplifier to provide continuous balancing to counteract drift; 
input current is zero. A table of input and output networks is 
given for use with the amplifier to generate a variety of complex 
transfers for the summation operation. 


Electronics (3) 


Radio Progress During 1951. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 4, April, 1952, pp. 388-429, illus. 779 
references. Summary of U.S. radio-electronic developments with 
references (U.S. and foreign) listed in the text. Information is 
grouped under 20 broad headings 


ANTENNAS 


Gapless Coverage in Air-to-Ground Communications at 
Frequencies Above 50 mc. Kenneth A. Norton and Philip L 
Rice. Institute of Radio Engineers, Proceedings, Vol. 40, No. 4, 
April, 1952, pp. 470-474, illus. 2 references. 

Accurate methods of determining propagation characteristics 
at frequencies above 50 mc. are used to determine an optimum 
ground-station antenna height for use in air-to-ground com 
munications at such frequencies. 

Letters to the Editor: Radiation or Diffraction Patterns Close 
to Receiving Antennas. L. S. Palmer. Journal of Applied 
Physics, Vol. 23, No. 2, February, 1952, pp. 289, 290, illus. 
references. 

Static-Discharge Protection for “Transport Aircraft. I 
Protection from Discharges to Aircraft Antennae. M. M 
Newman. S.A.E., Annual Meeting, Detroit, January 14-18, 
1952, Preprint No.T9. 9 pp., illus. 


» 


CIRCUITS & COMPONENTS 


Point-Contact and Junction Transistors. John A. Doremus 
Radio & Television News, Vol. 47, No. 4, April, 1952, Radio 
Electronic Engineering, pp. 14-16, 18, 20, illus. 5 references 
Characteristics and operation of point-contact and junction tran 
sisters; advantages and disadvantages of transistors as compared 
with vacuum tubes. 
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TENSION 
LINKAGES 


CHAIN 


offer you 
these 4 hig advantages! 


T chains are basically designed to flex over 
sprockets or sheaves. Bearing surfaces are finished 
and hardened, and relative movement is confined to 
these specially prepared surfaces. Flexure in a cable 
imposes severe surface friction between wire surfaces 
and internal bending of wires. 


2 Chains can be /ubricated much more easily and 
effectively than cables. 


3 Chain installation is simple. Connectors are 
easy to attach and to remove. Cable connectors are 
difficult to attach, and require frequent inspection and 
tightening. 


A chain meshed with a sprocket provides posi- 
tive translation of linear motion to rotary motion. 


Such positive action is impossible between a cable and 
a sheave. 


Our Tension Linkage Booklet is full of yseful information 
on tension linkage selection and application. It contains 

detailed tables of strengths, weights 
and dimensions. You'll find it a 
helpful handbook in your daily 
work. Write Chain Belt Com- 
pany, 355 Plainfield St., 
Springfield 2, Mass., for 
your free copy today. 


ROLLER CHAINS 
A PRODUCT OF F 


Chain Bell company 


OF MILWAUKEE 
District Sales Offices or Distributors in principal cities throughout the world. 


ENGINEERING 


REVIEW AUGUST, 1952 


The Junction Transistor. H.S. Renne. Radio & Television 
News, Vol. 47, No. 4, April, 1952, pp. 38, 39, 166, illus. Con- 
struction and operation of the junction transistor developed by 
Bell Telephone Laboratories; applications. 

Current Multiplication in the Type-A Transistor. W. R. 
Sittner. Jnstitute of Radio Engineers, Proceedings, Vol. 40, No. 
1, April, 1952, pp. 448-454, illus. 9 references. An analysis of 
four possible mechanisms of the current multiplication process 
in the Type-A (point-contact ) transistor. 

Transistor Forming Effects in n-Type Germanium. L. B. 
Valdes. Institute of Radio Engineers, 
No. 4, April, 1952, pp. 445-448, illus. 11 references. 

Distributed Amplification. A.Cormack. Electronic Engineer- 
ing, Vol. 24, No. 290, April, 1952, pp. 144-147, illus. 5 references. 

An analysis of the basic principles of distributed amplification 
and of the operation of the distributed amplifier. Design details 
are given for a single-stage amplifier that has a gain of 18 db. 
and of a two-stage amplifier that has a gain of 28 db. Both 
amplifiers have flat frequency response curves extending from 
low frequency to 170 me. per sec. 

Cathode-Coupled Amplifier; Analysis and Design.. J. A. 
Lyddiard. Wireless Engineer, Vol. 29, No. 342, March, 1952, 
pp. 63-67, illus. 1 reference. 

Wide-Band Amplifier Range Extension. Radio & Television 
News, Vol. 47, No. 4, April, 1952, Radio-Electronic Engineering, 
p. 32. A nomograph for determining the value of inductance to 
use in extending amplifier range by the shunt-peaking method. 

Choosing Pentodes for Broad-Band Amplifiers. John R. 
Whyte. Electronics, Vol. 25, No. 4, April, 1952, p. 150, illus. 
A chart for comparing the broad-band amplifier performance of 
various pentodes. 

The Cathamplifier. C.A.Perry. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 4, April, 1952, pp. 460-465, illus. 
Development and detailed formulas of an amplifier circuit with 
high input impedance which permits push-pull operation from an 
unbalanced source. 

An Internal Feedback Traveling-Wave-Tube Oscillator. 
E. M. T. Jones. Institute of Radio Engineers, Proceedings, 
Vol. 40, No. 4, April, 1952, pp. 478-482, illus. 7 references. 

The small signal theory of traveling-wave amplifiers, neglecting 
space-charge effects, is extended to internal feedback oscillators 
in order to define the minimum current required to support 
oscillation, a range of electronic tuning, and voltage width and 
separation for various possible modes of oscillation. 

Modified Free-Running Multivibrator. Chang Sing. Elec- 
tronics, Vol. 25, No. 4, April, 1952, pp. 222, 224, 226, illus. Con- 
struction and operation of a free-running multivibrator circuit 
that has two self-biased amplifiers cross-connected with d.c 
coupling 

Single Response Thickness-Shear Mode Resonators Using 
Circular Bevelled Plates. R. Bechmann. Journal of Scientific 
Instruments, Vol. 29, No. 3, March, 1952, pp. 73-76, illus. 17 
references. 


Proceedings, Vol. 40, 


Flexible Selectivity for Communications Receivers. Oswald 
G. Villard, Jr., and William L. Rorden. Electronics, Vol. 25, 
No. 4, April, 1952, pp. 188-140, illus. 3 references. Develop- 
ment of a single-tube circuit that uses electronic Q multiplication 
to attain an intermediate frequency selectivity equivalent to 
that obtained by quartz-crystal filters. 

2-Channel Rectangular Pulse Generator. Troy D. Graybeal. 
Electronics, Vol. 25, No. 4, April, 1952, pp. 141-143, illus. 7 
references. 

Characteristics, circuit, and operation of a battery-operated 
generator with two maiu output channels that deliver rectangular 
voltage pulses adjustable in amplitude from 0 to 80 volts in three 
decade ranges and in time derivation from 25 usec. to 7.5 millisec. 
in three ranges 

A Note on the Ladder Development of RC-Networks. E. A. 
Guillemin. Institute of Radio Engineers, Proceedings, Vol. 40, 
No. 4, April, 1952, pp. 482-485, illus. 1 reference. 

New Graphical Methods for Analysis and Design; ‘‘Straight- 
Line’’ Representation of Filter Characteristics. W. Saraga and 
L. Fosgate. Wureless Engineer, Vol. 29, No. 342, March, 1952, 
pp. 68-79, illus. 11 references 

Development of a graphical method in which straight-line 
methods for the solution of network problems are applied to the 
analysis and design of image-parameter and insertion-parameter 
filters. 
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COMMUNICATIONS 


Information Theory and Inverse Probability in Telecom- 
munication. P. M. Woodward and I. L. Davis. (J.E.E., 
Radio Section, Paper No. 1239.) Institution of Electrical Engi- 
neers, Proceedings, Part III, Radio and Communication Engineer- 
ing, Vol. 99, No. 58, March, 1952, pp. 37-44, illus. 9 references. 

Presentation of the theory of information as an extension of the 
theory of inverse probability in a form that can be applied to prob- 
lems involving both discrete and continuous probability distribu- 
tions; practical applications of the theory of inverse probability. 

On Determining the Presence of Signals in Noise. I. L. 
Davies. (J.E.E., Radio Section, Paper No. 1256.) Institution 
of Electrical Engineers, Proceedings, Part III, Radio and Com- 
munication Engineering, Vol. 99, No. 58, March, 1952, pp. 45-51, 
illus. 5 references. 

Mathematical analysis and eyaluation of the concept of prob- 
ability of existence of a signal that may or may not be present in 
a background of noise, based on the theory of inverse probability. 

V.H.F. Area Coverage in the United Kingdom. The Aero- 
plane, Vol. 82, No. 2126, April 18, 1952, pp. 466, 467, illus. 

Microwave Klystron Oscillators. I. Joseph Racker and 
Lawrence Perenic. Radio & -Television News, Vol. 47, No. 4, 
April, 1952, pp. 54-56, illus. Practical operating data on kly- 
strons as used in present-day communications equipment. 


CONSTRUCTION TECHNIQUES 


Printed Circuits Used in Development Models. K. H. 
Barney and §. Machlin. Electronics, Vol. 25, No. 4, April, 
1952, pp. 106-108, illus. 4 references. A method for trans- 
ferring circuits from the breadboard form to the production 
mockup which uses cross-grid wiring cards similar to the finished 
assembly. 

Application of Printed Circuit Techniques. R. Bahr, Jr., and 
W.H.Hannahs. Radio & Televison News, Vol. 47, No. 4, April, 
1952, Radio-Electronic Engineering, pp. 7, 9, 27, illus. 

Construction of a broad-band stagger tuned intermediate fre- 
quency amplifier that operates in the 50-60 mc. region. The 
amplifier was built to illustrate etched circuit construction tech- 
niques. 

New Gains in Printed Circuitry. Philip Klass. 
Week, Vol. 56, No. 17, April 28, 1952, p. 52, illus. 

Construction and application of printed circuit pack units, 
each containing up to six resistors and capacitors preconnected 
into a desired circuit, developed by the Stupakoff Ceramic and 
Manufacturing Co. 


Aviation 


ELECTRONIC TUBES 


The Life of Oxide Cathodes in Modern Receiving Valves. 
G. H. Metson, S. Wagener, M. F. Holmes, and M. R. Child. 
(1.E.E., Radio Section, Paper No. 1137.) Institution of Electrical 
Engineers, Proceedings, Part III, Radio and Communication Engi- 
neering, Vol. 99, No. 58, March, 1952, pp. 69-81, Discussion, pp. 
82-87, illus. 24 references. Asummary of information on the life 
span of oxide cathodes from which a working model of a typical 
oxide-cathode receiving tube is developed. 

Direct-Reading Instrument Measures Tube Noise. A. van 
der Ziel. Electronics, Vol. 25, No. 4, April, 1952, pp. 136, 137, 
illus. 

Theory, construction, and operation of an instrument with a 
four-tube circuit which determines tube noise resistance in a 
single operation. Tube characteristics may be plotted by means 
of auxiliary controls. 

Transit Time Oscillations in Triodes. O. H. Critchley and 
M.R. Gavin. British Journal of Applied Physics, Vol. 3, No. 3, 
varch, 1952, pp. 92-94, illus. 6 references. 

The Electric Field in Diodes and the Transit Time of Electrons 
As Functions of Current. Paul L. Copeland and Delbert N. 
Eggenberger. Journal of Applied Physics, Vol. 23, No. 2, 
February, 1952, pp. 280-286. 10 references. 

Space Charge and Transit Time Considerations in Planar 
Diodes for Relativistic Velocities. Henry F. Ivey. Journal 
of Applied Physics, Vol. 23, No. 2, February, 1952, pp. 208-211, 
illus. 6references. 

Extension of the Child-Langmuir equation for space-charge- 
limited current flow in a planar diode to the case of relativistic 
velocities for a diode with parallel plane electrodes. 


High Speed Image Converter. Herbert Weil. Radio & 
Television News, Vol. 47, No. 4, April, 1952, Radio-Electronic 
Engineering, pp. 12, 13, 28, illus. 

Construction and operation of the Mullard ME1201 grid- 
controlled image converter electron tube that can photograph 
very high-speed and short-duration phenomena. 


Some Recently Developed Cold Cathode Glow Discharges and 
Associated Circuits. I. G.H. Hough. Electronic Engineering, 
Vol. 24, No. 290, April, 1952, pp. 152-157, illus. 7 references. 

Recent Developments in Klystrons. Russell H. Varian. 
Electronics, Vol. 25, No. 4, April, 1952, pp. 112-115, illus. 2 
references. 

Recent Developments in High-Power Klystron Amplifiers. 
V. Learned and C. Veronda. Institute of Radio Engineers, 
Proceedings, Vol. 40, No. 4, April, 1952, pp. 465-469, illus. 3 
references. 

The Cold Cathode Gaseous Discharge As a Switching Device. 
N. L. Harris. The Engineer, Vol. 193, No. 5019, April 4, 1952, 
pp. 460-462, illus. Advantages of cold cathode gaseous dis- 
charge tubes over mechanical switches or relays; applications to 
circuit protection and switching devices in radar. 


MEASUREMENTS & TESTING 


Automatic VSWR Measurement Equipment. L. M. Barker 
and W. T. Chapin. Electronics, Vol. 25, No. 4, April, 1952, pp. 
154, 156, illus. Design and operation of an instrument that 
automatically measures and permanently records voltage stand- 
ing-wave ratios. 

Anodige; a Discrete-Digit Voltage-Indicating Device. U.S., 
National Bureau of Standards, Summary Technical Report No. 
1657, April, 1952. 4 pp. 

Slideback and Infinite-Impedance Voltmeters. R. E. Burgess. 
Wireless Engineer, Vol. 29, No. 342, March, 1952, pp. 59-62, 
illus. 3 references. Analysis and comparison of the rectifica- 
tion characteristics of simple diode, slideback, and infinite- 
impedance voltmeters for the measurement of signal and noise. 


NAVIGATION AIDS 


A Simplified Multiple-Track Range Airborne Equipment. 
R. S. Styles. (/.E.E., Radio Section, Paper No. 1298.) In- 
stitution of Electrical Engineers, Proceedings, Part III, Radio 
and Communication Engineering, Vol. 99, No. 58, March, 1952, 
pp. 88-92, illus. 10 references. 

Construction and principles of operation of the Australian 
multiple-track range (M.T.R.) Mark IV airborne unit suitable 
for small aircraft. The unit provides the pilot with accurate 
azimuthal track guidance for a range of 100 miles at 5,000 ft. and 
a localizer path accurate to + 22 yards at the normal touchdown 
point. 


AA Revives Its Airborne Radar Plans. George L. Christian. 
Aviation Week, Vol. 56, No. 15, April 14, 1952, pp. 70, 73, 75-77, 
illus. 

Results of tests by American Airlines to avoid turbulent air and 
mountains by means of airborne radar detection; plans for in- 
stallation of radar on their present aircraft; possibilities for jet 
aircraft. 

Evaluation Speeded on Visual Computers. George L. Chris- 
tian. Aviation Week, Vol. 56, No. 16, April 21, 1952, pp. 55, 57, 
58, 61, 62, illus. : 

Pictorial computers submitted by Arma Corp., Sperry Gyro- 
scope Co., and Aero Electronics Co. to the C.A.A. for evaluation. 
Details are given of the Arma Panel Pictorial Computer that 
supplies the pilot with range, bearing, and heading with only one 
slewing control operation. 

ANDB Development Projects Described. Bert A. Denicke. 
American Aviation, Vol. 16, No. 1, June 9, 1952, pp. 36, 37, 
39-42, illus. Brief review of the major unclassified projects of the 
Air Navigation Development Board. 

Radio Navigation Aids. JInteravia, Vol. 7, No. 4, April, 1952, 
pp. 218-221, illus. 

Sketches and brief explanations of the operation of communica- 
tions and signalling, direction-finding, all-weather landing, and 
radio and traffic control and combined systems radio-navigation 
aids; list of the most common radio navigation terms and their 
abbreviations. 
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RADAR 


Radar Signal Sampler Compresses Bandwidth. Walter Otto 
Electronics, Vol. 25, No. 4, April, 1952, pp. 132-135, illus. 

Principles and operation of a signal sampler and synthesizer 
that relays ppi radar information from planes to points beyond 
the line of sight. The unit samples the instantaneous amplitude 
at zero range of a video signal and synthesizes the sample into a 
similar wave shape of a recurrence frequency low enough to be 
handled by low-frequency radio links. 

An Aided Layer for Shoran. R. C. Richardson. Australian 
Journal of Applied Science, Vol. 3, No. 1, March, 1952, pp. 16-24, 
illus. 7 references. 

Design, construction, and operation of an aided-laying unit for 
a Shoran radar set which adds an angular velocity from a motor 
drive to the manual rotation of each of the handwheels of th: 
conventional direct-laying system for the alignment of the radar 
signals. 

Discussion of ‘‘The Statistical Properties of Noise Applied 
to Radar-Range Performance’? by S. M. Kaplan and R. W. 
McFall. L. V. Blake. Authors’ Reply. Institute of Radio 
Engineers, Proceedings, Vol. 40, No. 4, April, 1952, pp. 487 
489. 5references. 

Packaged Radar for Aireraft. Electronics, Vol. 25, No. 4, 
April, 1952, p. 154, illus. 

New Radar Gives Collision Warning. American Aviation, 
Vol. 15, No. 46, May 26, 1952, p. 28, illus. 

Construction and operation of the airborne radar unit de 
veloped by RCA which has a 5-in. range-azimuth indicator that 
provides a pictorial display of radar signals and reflections trans- 
mitted and received by the antenna. 


TRANSMISSION LINES 


Diffraction by a Wave-Guide of Finite Length. Cambridge 
Philosphical Society, Proceedings, Vol. 48, Part 1, January, 1952, 
pp. 118-134, illus. 10 references. 


WAVE PROPAGATION 


Space-Charge-Wave Propagation in a Cylindrical Electron 
Beam of Finite Lateral Extension. Philip Parzen. Journal of 
Applied Physics, Vol. 23, No. 2, February, 1952, pp. 215-219, 
illus. 4 references. 

Outline of a theoretical method for obtaining the effect of ge 
ometry on the propagation space-charge waves in a cylindrical 
electron beam under arbitrary direct current conditions; com 
parison with experiment. 

Diffraction Measurements at 1.25 Centimeters. Ralph D. 
Kodis. Journal of Applied Physics, Vol. 23, No. 2, February, 
1952, pp. 249-255, illus. 5 references. 

Equipment and results of an experimental method that uses an 
image plane technique to obtain microwave diffraction measure 
ments near obstacles whose characteristic dimension is compa- 
rable to a wave length 1.2668 cm. 

Pre-Heaviside Propagation Theories; Early Attempts to 
Explain Long-Distance Transmission. E.W. Marchant. Wire- 
less World, Vol. 58, No. 4, April, 1952, p. 151. 


Education & Training (38) 


Airline Operating Classroom Is the Sky. The Martin Star, 
Vol. 11, No. 3, March, 1952, pp. 10, 11, illus. Training methods 
and facilities of the Air Transportation course at the School of 
Aeronautics, Purdue University. 


Equipment 


Aeronautics and the Flexible Pipe. Percy E. Chorley. Air- 
craft Engineering, Vol. 24, No. 278, April, 1952, pp. 112-115. 

Design and construction of synthetic rubber hose and end 
couplings; techniques of testing, installing, and maintaining com- 
plete assemblies; aircraft applications; scope of research proj- 
ects on nonrigid tubing. 


HYDRAULIC & PNEUMATIC 


Cavitation Mechanics in the Design of Hydraulic Equipment. 
I. Robert T. Knapp. (Institution of Mechanical Engineers, 


-AUGUST, 1952 


James Clayton Lecture, April 18, 1952.) The Engineer, Vol. 193, 
No. 5022, April 25, 1952, pp. 571-574, illus. 

Hydraulic Noise Reduction by Fluid Conditioning. G. W. 
Louthan. Product Engineering, Vol. 23, No. 4, April, 1952, 
pp. 182-185, illus. 

An analysis of the development of port pressure waves and the 
way in which they are affected by the air in the fluid of hydraulic 
systems. Methods are presented for conditioning the fluid and 
designing components so as to reduce the noise and deterioration 
caused by the waves. 

Oxidation of Petroleum Base Oils in Hydraulic Power Sys- 
tems. J. Theodore Wolff. Applied Hydraulics, Vol. 5, No. 4, 
April, 1952, pp. 41-48, 92 illus. A study of the causes, effects, 
and methods of controlling the oxidation of petroleum base oils 
in hydraulic power systems. 

Skydrol Takes Over. Beverly A. Dodge. Hydraulic Engi- 
neer, Vol. 1, No. 6, February-March, 1952, pp. 6, 7, illus. 

Flight Tests on a United Air Lines’ Douglas DC-6 of Skydrol, 
a nonflammable hydraulic fluid developed by Douglas Aircraft 
Co. and Monsanto Chemical Co.; effect on the two cabin super- 
chargers used for the tests. 


Flight Operating Problems (31) 
ICE PREVENTION & REMOVAL 


Impingement of Spherical Water Droplets on a Wedge at 
Supersonic Speeds in Air. Myron Tribus and Armand Guibert. 
Journal of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, 
pp. 391-394, 403, illus. S8Sreferences. Analysis of the water-drop 
interception characteristics of a wedge in supersonic flow for flows 
when the shock wave is not detached. 

Criteria for the Design, Assessment, and Control of Icing 
Protection Systems. D. Fraser, K. G. Pettit, and E. H. Bowler. 
Aeronautical Engineering Review, Vol. 11, No. 7, July, 1952, pp. 
44-52, illus. 13 references. 


NOISE REDUCTION 


Some Aspects of the Aircraft Noise Problem. Harvey H. 
Hubbard and Leslie W. Lassiter. Aeronatutical Engineering 
Review, Vol. 11, No. 7, July, 1952, pp. 28-33, illus. 15 refer- 
ences. 

Results of N.A.C.A. research concerning the physical charac- 
teristics of noise from various aircraft noise sources; effects of 
noise on speech and hearing; noise protection techniques and 
apparatus. 

Noise in Aircraft. E. A. Smith. Aeronautics, Vol. 26, No. 
2, March, 1952, pp. 69, 70, 72, illus. An analysis of aircraft 
noise and of techniques for reducing its effects on passengers. 


REFUELING IN FLIGHT 


Flight Refuelling. J. T. Percy. The Log, Vol. 12, No. 4, 
April, 1952, pp. 88-90. Problems involved in applying flight 
refueling to regular airline services, from the pilot’s point of view. 


WEATHER HAZARDS 


Static-Discharge Protection for Transport Aircraft. I— 
Protection from Discharges to Aircraft Antennae. M. M. New- 
man. S.A.E., Annual Meeting, Detroit, January 14-18, 1952, 
Preprint No. T9. 9 pp., illus. 


Flight Safety & Rescue (15) 


Investigation of Accidents. Interavia, Vol. 7, No. 4, April, 
1952, pp. 197-200, illus. Accident investigation and report 
procedures as set up by the International Civil Aviation Organiza- 
tion. 

The Maze of Accident Statistics. H. Schreiber. Jnteravia, 
Vol. 7, No. 4, April, 1952, p. 196, table. Evaluation of aviation 
accident statistics; comparison with safety records of other 
forms of transportation. 

Safety in Design. Sidney Berman. Aeronautical Engineering 
Review, Vol. 11, No. 7, July, 1952, pp. 34-38, 43. Survey of U.S.- 
A.F. accidents that were due to improper design of aircraft 


components; equipment modification program to reduce such 
accidents. 
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Safety and Equipment Policy from an Airline Viewpoint. 
Bo Hoffstroem. IJnteravia, Vol. 7, No. 4, April, 1952, pp. 187-189, 
illus. The relationship between operating aspects, maintenance 
and overhaul, and a practical equipment-utilization program and 
airline safety. 


Fuels & Lubricants (12) 


Vapour Evolution Characteristics of Aviation Turbine Fuels. 
A. D. Shellard. Shell Aviation News, No. 164, February, 1952, 
pp. 20, 21, illus. 

Bonding of Molybdenum Disulfide to Various Materials 
to Form a Solid Lubricating Film. I—The Bonding Mechanism. 
Douglas Godfrey and Edmond E. Bisson. U.S., N.A.C.A.., 
Technical Note No. 2628, February, 1952. 16 pp., illus. 5 refer 
ences. 

Peroxide Rocket Propellant. Aviation Age, Vol. 17, No. 4, 
April, 1952, p. 35, illus. Characteristics of H»O2 used in rocket 
fuels; methods of preventing its deterioration and risks to per- 
sonnel. 


Gliders (35) 


Cross-Country Soaring Criteria Based on Thermal Strength. 
B. H. Carmichael. Aeronautical Engineering Review, Vol. 11, 
No. 7, July, 1952, pp. 39-48, illus. 1 reference. 

Present status of the theory involved in soaring flight based on 
thermal strength; analysis of flight conditions and of criteria for 
maximizing the sailplane performance. Flight optimization is 
analyzed by two methods: an investigation of the solution for 
optimum flight speed between thermals and a study of the 
optimum ratio between the sinking speed at best glide ratio and 
the meteorological conditions. 


Instruments (9) 


Recent Developments in Electronic Engine Indicators. S. 
Hill. Electronic Engineering, Vol. 24, No. 290, April, 1952, 
Electronics in Industry, Supplement, pp. 207-209, illus. 

Main features and applications of the Standard-Sunbury Type F 
electronic indicator that gives performance data in all types of in- 
ternal combustion engines. 

AF Testing Avionic Altimeters. Philip Klass. Aviation 
Week, Vol. 56, No. 16, April 21, pp. 77, 79, 0, illus. 

Components and operations of two new types of altimeters, 
one for the 140,000-to-300,000-ft. range and the other for the 
300,000-to-500,000-ft. range, developed by the Eclipse-Pioneer 
Div. of Bendix Aviation Corp. The altimeter for the lower 
altitude range uses a Pirani-type gage; the other uses an ioniza- 
tion-type sensing element. 

The Mufax Chart Recorder Type D-649. Muirhead Technique, 
Vol. 6, No. 1, January, 1952, pp. 6-8, illus. Construction and 
operation of the Mufax Chart Recorder for the reception of 
weather maps obtained by facsimile transmission. 

A Logarithmic Plotting Technique for the Design of Closed 
Loop Systems. J.A. Tanner. Society of Instrument Technology, 
Transactions, Vol. 3, No. 4, December, 1951, pp. 170-182, illus. 
6 references. 

A technique for designing closed-loop control systems on the 
basis of their steady-state response in which gain vs. frequency 
characteristics plotted against logarithmic scales are resolved 
into asymptotes. The intersection points of the asymptotes 
are determined by the time constants of the system. 

Logarithmic Analysis of Servo Stability. Norman Alpert. 
Product Engineering, Vol. 23, No. 4, April, 1952, pp. 186-190, 
illus. Development and application of an analytic method that 
uses logarithms to test the stability of designs for servomechanism 
systems prior to construction. 

A New Development in Bonded Electric Wire Resistance 
Strain Gauges. A. U. Huggenberger. (Schweizer Archiv, Vol. 
17, No. 11, November, 1951, pp. 321-332 ) Engineers’ Digest, 
Vol. 12, No. 3, March, 1952, pp. 77-79, illus. 1 reference. 

Design of the GH-Tensopickup strain gage that is relatively 
insensitive to humidity changes and to lateral strains; com- 
parison of its performance with that of conventional gages; 
manufacturing procedures. 

Closer Temperature Differentials in Bimetallic Thermostats. 
P. R. Lee. Product Engineering, Vol. 23, No. 4, April, 1952, 
pp. 179-181, illus. 


Design of a three-legged, inherently snap-acting bimetallic 
element that is capable of one million operations without failure 
and a temperature differential of only two degrees; applications 
to adjustable and fixed-temperature thermostats. 


Laws & Regulations (44) 


Financial Safeguards for the Air Traveller. Jean T. Lacour. 
Interavia, Vol. 7, No. 4, April, 1952, pp. 200, 201, table. Com- 
pensation regulations provided by the Warsaw Convention for 
injuries or loss of life due to airline crashes. 


Machine Elements (14) 
BEARINGS 


American Standard Tolerances for Ball and Roller Bearings. 
III. Tool Engineer, Vol. 28, No. 4, April, 1952, pp. 63, 64. 
Tables of ABEC-7 annular ball bearings except magneto bearings 
and ABEC-1 magneto-type ball bearings; tolerances in 0.001 in. 

Key Factors in Selecting Needle Bearings. P. R. Glazier. 
Product Engineering, Vol. 23, No. 4, April, 1952, pp. 123-128, 
illus. 

Oil Flow in Plain Journal Bearings. U.S., National Bureau of 
Standards, Technical News Bulletin, Vol. 36, No. 4, April, 1952, 
pp. 60, 61, illus. 1 reference. 


FASTENINGS 


Sealing Cabin Wiring; Molded Multi-Cable Plastic Grommets 
for Pressure-Bulkhead Mounting. Aircraft Production, Vol. 
14, No. 162, April, 1952, p. 115, illus. 


GEARS & CAMS 


Equivalent Number of Teeth for Bevel Gears. C. J. Schorsch. 
Machine Design, Vol. 24, No. 3, March, 1952, pp. 159-161, illus. 

Development of a method that uses a nomogram for finding 
the equivalent number of bevel gear teeth for calculating the 
bending stress in the teeth of bevel gears with shaft angles ranging 
from 0° to 150° and gearing ratios from 1 to 5. 


MECHANISMS & LINKAGES 


Mechanisms for Intermittent Motion. IV. Otto Lichtwitz. 
Machine Design, Vol. 24, No. 3, March, 1952, pp. 147-155, illus. 
An analysis of the mechanism of intermittent-motion gears for 
intersecting and crossing shafts; comparison with the star-wheel 
and Geneva mechanisms. 


TRANSMISSIONS, CLUTCHES, & DRIVES 


Freewheeling Clutches. Dietrich W. Botstiber and Leo 
Kingston. Machine Design, Vol. 24, No. 4, April, 1952, pp. 
189-194, illus. Principles of operation and design of roller and 
sprag one-way free-wheeling clutches; applications to gas-turbine 
and helicopter drives. 


Maintenance (25) 


Does Your Plant Have ‘‘Hidden’’ Capacity? Aviation Age, 
Vol. 17, No. 4, April, 1952, pp. 10-14, illus. Methods of reducing 
in-process time for aircraft maintenance and overhaul. 


Materials (8) 


Development of Materials for Instrument Manufacture. 
E. B. Moss. Society of Instrument Technology, Transactions, 
Vol. 3, No. 4, December, 1951, pp. 143-156, illus. 1 reference. 

Properties of materials developed in the last 25 years to meet 
instrument performance requirements under such adverse condi- 
tions as severe climatic conditions, a wide temperature range, and 
long periods of storage. 

The Measurement of Ultrasonic Attenuation in Solids by the 
Pulse Technique and Some Results in Steel. R. L. Roderick 
and John Truell. Journol of Applied Physics, Vol. 23, No. 2, 
February, 1952, pp. 267-279, illus. 18 references. 

Extension of pulse techniques for measuring the attenuation in 
solids to obtain dependable measurements in the 5 to 50 me. 
frequency range on chrome molybdenum steel specimens; anal- 
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The Finest 
ELECTRICAL 
CONNECTOR 


MONEY CAN / 
Buy! 


SCINFLEX 


ASSURES YOU THE 
LOWEST VOLTAGE DROP 
IN THE INDUSTRY: 


When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It withstands maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


Moisture-Proof Radio Quiet Single Piece Inserts Vibration-Proof « 
Light Weight ¢ High Insulation Resistance ¢ High Resistance to Fuels 
and Oils e Fungus Resistant « Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK AVIATION ConPoRaTiON 

Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N. Y. 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Stephenson 
Bidg., 6560 Cass Ave., Detroit 2, Michigan © Brouwer Bidg., 176 W. Wisconsin 
A ih in © 582 Market Street, San Francisco 4, California 


ysis of the relative importance of beam spreading, geometrical 
boundaries, and method of coupling; applications to metallur- 
gical problems and to the physics of solids. 

Ultrasonic Flaw-Detector. Aircraft Production, Vol. 14, No 
162, April, 1952, pp. 126-129, illus. Design, principles of opera- 
tion, and methods of using the Ultrasonoscope and other ultra- 
sonic equipment for detecting flaws in metals. 

An Electrical Extensometer for Determining Elongation of 
Elastomers. C. M. Klute, C. J. Penther, and L. B. McKee 
American Society for Testing Materials, Bulletin, No. 180, Febru- 
ary, 1952, pp. 44-48, illus. 4 references. 

Principles, circuit, and operation of the electrical extensometer 
developed for measuring the extension experienced by a rubber 
specimen without interfering with the test manipulations. 

Hardness Measurements for Determination of Residual 
Stresses. George Sines and Ronald Carlson. American Society 


for Testing Materials, Bulletin, No. 180, February, 1952, pp. 35- 


37,illus. references. 

Experimental data of the effect of stress on penetration hard- 
ness measurements on a number of metals; development of a 
method for measuring residual stresses by hardness measure- 
ments. 

Stress-Strain Relationship; A Mathematical Model. E. J. 
Williams and N. H. Kloot. Australian Journal of Applied 
Science, Vol. 3, No. 1, March, 1952, pp. 1-13, illus. 8 references. 

A Magnetic Thickness Gauge of New Design. E.G. Harrison 
Journal of Scientific Instruments, Vol. 29, No. 3, March, 1952 
pp. 89-91, illus. 

Construction, operation, and reliability of the free armature 
thickness gage developed for measuring the thickness of paint 
films on a ferromagnetic base metal but applicable also to non- 
magnetic coatings. 


CERAMICS & CERAMALS 


Technical Ceramics for Wear Resistant and Dimensionally 
Stable Parts. S. G. Kelley, Jr. Materials & Methods, Vol. 35, 
No. 3, March, 1952, pp. 88-91, illus. 

Relative Importance of Various Sources of Defect-Producing 
Hydrogen Introduced into Steel During Application of Vitreous 
Coatings. Dwight G. Moore, Mary A. Mason, and William N 
Harrison. U.S., Technical Note No. 2617, February, 1952 
31 pp., illus. 20 references. 


CORROSION & PROTECTIVE COATINGS 


Film-Rupture Mechanism of Stress Corrosion. U.S., Na- 
tional Bureau of Standards, Technical News Bulletin, Vol. 36, 
No. 4, April, 1952, pp. 54, 55, illus. 1 reference. 

An investigation of stress-corrosion cracking in which the 
electrochemical potentials of an Al alloy, a Mg alloy, two brasses, 
a low-carbon steel, and a stainless steel were measured in normal 
oxide-film covered and film-free conditions. 

Discussion on ‘‘A Critical Look at Salt Spray Tests’’ by Frank 
LaQue. Materials & Methods, Vol. 35, No. 3, March, 1952, 
pp. 77-81, 156, 158, 160, 162, 164, 166, 168. 


METALS & ALLOYS 


The Mechanism of Fatigue. P. Litherland Teed. The Aero- 
plane, Vol. 82, No. 2127, April 25, 1952, pp. 484-487, illus. 10 
references. An analysis of theoretical and experimental work on 
the mechanism of fatigue in metals from a metallurgical point of 
view. 

Some Measurements of the Total Emissivity of Metals and 
Pure Refractory Oxides and the Variation of Emissivity with 
Temperature. A. H. Sully, E. A. Brandes, and R. B. Water 
house. British Journal of Applied Physics, Vol. 3, No. 3, March, 
1952, pp. 97-101, illus. 10 references. 

Apparatus and results of a method that determines the total 
emissivity of metals and oxides in the temperature range 300° 
800°C. The method was developed in connection with an 
investigation of the possibility of reducing radiant heat transfer 
in engines by applying coatings with a low thermal emissivity 
to metal parts. 

A Dictionary of Metallurgy. II. A.D. Merriman and J. S 
Bowden. Metal Treatment, Vol. 19, No. 78, March, 1952, pp 
115-122, illus. 

Metals and Alloys of To-day and To-morrow. H. W. Green- 
wood. The Engineer, Vol. 193, No. 5021, April 18, 1952, pp. 
540, 541. ; 
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The Thermal Conductivity of Metals at High Temperature. 
C. L. Hogan and R. B. Sawyer. Journal of Applied Physics, 
Vol. 23, No. 2, February, 1952, pp. 177-180, illus. 3.references. 

Measurements of the electrical and thermal conductivities 
in the temperature range from 25° to 1,000°C. of commercial 
A nickel, Inconel, several stainless steel alloys, and 1010 steel. 

The Magnetic and Electrical Properties of Ferroxcube Mate- 
rials. J. J. Went and E. W. Gorter. Philips Technical Review, 
Vol. 18, No. 7, January, 1952, pp. 181-193, illus. 17 references. 
Development of Ferroxcube, a ferromagnetic oxidic material 
in which eddy-current losses do not generally occur, for use at 
high frequencies. 

Hardenability As the Criterion for Selecting Boron Steels. 
H. B. Knowlton. Materials & Methods, Vol. 35, No. 3, March, 
1952, pp. 84-87, illus. 

Materials Engineering File Facts No. 224: Tentative Harden- 
ability Bands for New Boron Steels. Materials & Methods, 
Vol. 35, No. 3, March, 1952, p. 128, illus. 

Materials Engineering File Facts No. 226: Chromium-Vana- 
dium Steels. Materials & Methods, Vol. 35, No. 4, April, 1952, 
p. 139. 

Materials Engineering File Facts No. 223: New Steel Com- 
positions to Conserve Critical Alloying Elements. Materials & 
Methods, Vol. 35, No. 3, March, 1952, p. 121. 

Low Cost Black Oxide Finish Produced on Steel by Chemical 
Dip Method. A. J. Mitchell. Materials & Methods, Vol. 35, 
No. 3, March, 1952, pp. 92-95, illus. 

Equipment and procedures used in the aqueous alkali-nitrate 
process of producing a black oxide finish on steel; comparison 
with the browning and carbonia processes and with heat-treating 
methods. 

Titanium in Aero-Engine Construction. H. H. Hanink. 
The Aeroplane, Vol. 82, No. 2127, April 25, 1952, pp. 494-497, 
illus. Advantages and problems involved in the application of 
titanium and its alloys to aircraft piston and gas-turbine engines. 

Titanium: How It is Made. Modern Metals, Vol. 8, No. 1, 
February, 1952, pp. 25-27, illus. 

Titanium; Occurrence, Extraction, Workability, and Proper- 
ties of the Metal and Its Alloys. A. D. Merriman. Metal 
Treatment, Vol. 19, No. 78, March, 1952, pp. 99-106, illus. 


NONMETALLIC MATERIALS 


Materials & Methods Manual No. 81: Carbon and Graphite 
Materials and Parts. Philip O’Keefe. Materials & Methods, 
Vol. 35, No. 4, April, 1952, pp. 119-134, illus. Engineering 
properties; fabrication and design; mechanical parts; electrical, 
refractory, and chemical applications. 

Sealing the Thunderjet. Automotive Industries, Vol. 106, 
No. 8, April 15, 1952, pp. 40, 41, illus. 

Characteristics and properties of the sealing compounds and 
adhesives, manufactured by the Minnesota Mining and Manu- 
facturing Co., for use in the construction of the Republic F-84 
Thunderjet fighter. 

Fluorocarbon Plastics Bonded to Metals and Rubbers to 
Provide New Composite Materials. Materials & Methods, 
Vol. 35, No. 3, March, 1952, pp. 96, 97, illus. Characteristics 
and applications of Teflon and Kel-F fluorocarbon plastics. 

Heat Distortion of Polystyrene. K. J. Cleereman, H. J. 
Karam, and J. L. Williams. American Society for Testing 
Materials, Bulletin, No. 180, February, 1952, pp. 37-44, illus. 
12 references. 

Plastics at Low Temperatures. E. A. Smith. Aeronautics, 
Vol. 26, No. 3, April, 1952, pp. 32, 33, illus. Data on the me- 
chanical and electrical properties of various plastics at low 
temperature. 

Foam Plastics as Engineering Materials. Product Engineer- 
ing, Vol. 28, No. 4, April, 1952, pp. 192-198, illus. 

Properties and advantages of foamed plastics; applications to 
aircraft sandwich constructions, radomes, propellers and control 
surfaces, thermal insulation, shock absorption, embedments for 
electrical components, and ordnance and flotation equipment. 

How to Design with Laminated Plastics for Machining, Stamp- 
ing, and Postforming. Benjamin L.Hummel. Machine Design, 
Vol. 24, No. 3, March, 1952, pp. 112-122, illus. 

The processes required for the fabrication of components from 
stock forms of laminated plastics are related to the characteristics 
of these materials. A table is given of the composition, proper- 
ties, characteristics, and applications for standard laminated 
therinosetting sheets. 
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Molded Wings. 
pp. 46-53, illus. 

Comparison of the properties of Durestos, a thin felt of cryso- 
tile asbestos fibers impregnated with phenolic resin, with those 
of other plastics and with metals; design problems and tech- 
niques of constructing aircraft wings of Durestos and other plas- 
tics. 
Plastics Literature References. Gordon B. Thayer. Me- 
chanical Engineering, Vol. 74, No. 4, April, 1952, pp. 309-311. 
117 references. A list of 117 references on plastics published 
from July, 1950, through June, 1951, listed under twelve headings 
that cover basic properties, forming practices, and uses. 

Silicone Rubber Can Now Be Bonded. Robert Smith- 
Johannsen. General Electric Review, Vol. 55, No. 2, March, 
1952, pp. 54-57, illus. 

The properties of silicone rubber and the principles of adhesion 
are analyzed and related to a new bonding technique developed 
by General Electric Co. for molding or bonding silicone rubbers 
to themselves, metals, glass, ceramics, and some plastics. 

Materials Engineering File Facts No. 225: Relative Properties 
of Natural and Synthetic Rubbers. Materials & Methods, 
Vol. 35, No. 4, April, 1952, p. 137. 

Cellular Rubber Insulates, Seals and Cushions. Philip 
O’Keefe. Materials & Methods, Vol. 35, No. 4, April, 1952, pp. 
91-93, illus. 

Tekwood—New Aviation Material. 
No. 4, April, 1952, p. 45, illus. 

Composition of Tekwood, a paper-overlaid resin-bonded veneer 
with a hardwood core developed by the United States Plywood 
Corp. for packaging of aircraft cargo and of aircraft parts; 
other applications of Tekwood and of its variation Protekwood, 
a three-ply resin-bonded asphalt panel. 


Aviation Age, Vol. 17, No. 4, April, 1952, 


Aviation Age, Vol. 17, 


SANDWICH MATERIALS 


Compressive Buckling of Flat Rectangular Metalite Type 
Sandwich Plates with Simply Supported Loaded Edges and 
Clamped Unloaded Edges. Paul Seide. (U.S., N.A.C.A., 
Technical Note No. 1886, May, 1949.) U.S., N.A.C.A., Technical 
Note No. 2637, February, 1952. 27 pp.,illus. 11 references. 


Meteorology (30) 


The Dielectric Constant of Water Vapor in the Microwave 
Region. George Birnbaum and §S. K. Chatterjee. Journal of 
Applied Physics, Vol. 23, No. 2, February, 1952, pp. 220-2238, 
illus. 10 references. 

The Mufax Chart Recorder Type D-649. AMuirhead Tech- 
nique, Vol. 6, No. 1, January, 1952, pp. 6-8, illus. Construction 
and operation of the Mufax Chart Recorder for the reception of 
weather maps obtained by facsimile transmission. 

Solar Radio Noise Bursts. U.S., National Bureau of Stznd- 
ards, Summary Technical Report No. 1656, April, 1952. 5 pp. 
2 references. Summary of theoretical and experimental investi- 
gations that have led to the conclusion that solar radio noise is a 
source of interference to long-range radio reception. 

High Altitude Winds. James H. Winchester. Aviation 
Age, Vol. 17, No. 4, April, 1952, pp. 42, 48, illus. Research 
problems and techniques for studying the behavior of jet streams. ’ 

Super-Altitude Weather. Marcus O’Day. Air University 
Quarterly Review, Vol. 5, No. 1, Winter, 1951-52, pp. 24-37, illus. 
Research equipment, problems, and techniques for studying the 
characteristics of the uprer atmosphere; test data. 


Missiles (1) 


Free-Flight Air-Drag Measurement Techniques. A. B. J. 
Clark and F. T. Harris. Appendix. R.E. Roberson. Journal 
of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 385- 
390, illus. 1 reference. 

Measurement of the free-flight air drag of cal. 0.50 spheres, 
using the ballistic pendulum air-drag technique with pendulums 
of several different lengths, over a Mach Number range of 1.4 
to 5.4; explanation of the test procedure and apparatus. 

Dynamic Stability of a Missile in Rolling Flight. Ray E. 
Bolz. Journal of the Aeronautical Sciences, Vol. 19, No. 6, June, 
1952, pp. 395-403, illus. 8 references. Stability criteria for a 
rolling missile with basic symmetry of design; effect on stability 
of the canted surfaces that induce roll. 
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Research in the Upper Atmosphere with Sounding Rockets 
and Earth Satellite Vehicles. S. F. Singer. British Inter- 
planetary Society, Journal, Vol. 11, No. 2, March, 1952, pp 
62-73. The performance characteristics, techniques of handling, 
and results obtained from high-altitude sounding rockets in the 
USS. 

J & H Alternator Aids Missile Research. Aviation Age, 
Vol. 17, No. 4, April, 1952, pp. 25-27, illus. 

Design, operation, and advantages of the G75 Alternator, de 
veloped by Jack & Heintz, Inc., for North American Aviation’s 
Guided Missile research program. The alternator is environ 
ment-free, maintains satisfactory cooling while operating at high 
altitude in extreme temperature conditions, and is 93 per cent 
efficient. 


Photography (26) 


New Camera Pinpoints Landing, Takeoff. George L. Chris 
tian. Aviation Week, Vol. 56, No. 17, April 28, 1952, pp. 58, 
60, 62, 64, 65, illus. 

Design, construction, and application of a mobile flight an- 
alyzer camera developed by Sherman Fairchild & Associates 
Inc. which records take-off, in-flight, and landing characteristics 
of aircraft. 

A High-Speed Schlieren Technique for Investigation of Aero- 


dynamic Transients. Walter S. Bradfield and Walter Y. Fish. 


Journal of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, 
pp. 418-420, 482, illus. 3 references. 

Development of a high-speed schlieren technique for studying 
wind-tunnel starting transients and their effect on the initiation of 
flow in a “‘choking”’ supersonic diffuser; camera; optical system 
The spark light source can deliver bursts of up to 250 photo- 
graphs at frequencies up to 16,000 photographs per sec. 

High Speed Image Converter. Herbert Weil. Radio ©& 
Television News, Vol. 47, No. 4, April, 1952, Radio-Electroni« 
Engineering, pp. 12, 13, 28, illus. 

Construction and operation of the Mullard ME1201 grid 
controlled image converter electron tube that can photograph 
very high-speed and short-duration phenomena. 

Germanium Photocells. W.C. Dunlap, Jr. General Electric 
Review, Vol. 55, No. 2, March, 1952, pp. 26-31, illus. 6 refer- 
ences. 

Properties, advantages, and applications of germanium photo 
cells; comparison with vacuum photoemission cells and selenium 
photocells as means of measuring and controlling light of varying 
intensities and wave lengths. 


Power Plants 
JET & TURBINE (5) 


Development of Centriflow Jet Engine for Light Plane. Wesi- 
ern Aviation, Vol. 32, No. 3, March, 1952, p. 15, illus. 

Development at Northrop Aeronautical Institute of the Centri 
flow jet engine that weighs 172 lbs. and provides a calculated 
thrust of 340 lbs.; plans for installation in the Navion after 
ground testing. The engine has four combustion chambers 
installed parallel to the engine axis. 

GE Cuts Bottlenecks at New Jet Center. David A. Anderton 
Aviation Week, Vol. 56, No. 15, April 14, 1952, pp. 21, 22, 24, 
29, 32, 35, illus. Equipment, production and design techniques 
used by General Electric Co. at its Lockland, Ohio, turbojet 
engine plant; characteristics of the J-47-GE-27 turbojet. 

A Thermodynamic Study of the Turbine-Propeller Engine. 
Benjamin Pinkel and Irving M. Karp. U.S., N.A.C.A., Tech 
nical Note No. 2653, March, 1952. 90 pp., illus., folding charts 
9 references. 

Equations and charts for determining the thrust, power output, 
fuel consumption, and other performance parameters of a turbo 
prop engine for any given set of operating conditions and com- 
ponent efficiencies. 


RECIPROCATING (6) 


Blackburn-Cirrus Engine Developments. The Aeroplane, 
Vol. 82, No. 2126, April 18, 1952, pp. 457-461, illus., cutaway 
drawing. 

Postwar design and production developments of the Cirrus 
Engine Div. of Blackburn General Aircraft, Ltd.; construction, 


specifications, and production progress of the 155 b.h.p. Cirrus 
Major Series III engine. 

Free-Piston Engine. A. L. London and A. K. Oppenheim. 
Machine Design, Vol. 24, No. 4, April, 1952, pp. 211-213, 272, 
illus. Design, operation, and application of free-piston engines 
for air compression and for power-gas and hot-air generation for 
turbine drives. 

Russian Diesels. Paul H. Wilkinson. Aviation Age, Vol. 17, 
No. 4, April, 1952, pp. 44, 45, illus. 

Development, basic design features, and performance of the 
Russian M-40F diesel engine for air freighters. The engine, 
based on German designs, has a take-off rating of 1,500 hp. at 
1,950 r.p.m. and a maximum rating of 1,250 hp. at the same 
r.p.m. at an altitude of 20,000 ft. 

Spark Plug Fouling. V. E. Yust and E. A. Droegemueller. 
(S.A.E., Annual Meeting, Detroit, January 14-18, 1952, Preprint 
No. 729.) Shell Aviation News, No. 164, February, 1952, pp. 
14-19, illus. 2references. 


ROCKET (4) 


The Sprite Rocket Motor (Aviation Design Progress). 
Randolph Hawthorne. Aviation Age, Vol. 17, No. 4, April, 
1952, pp. 36, 37, illus., cutaway drawings. 

Design, specifications, operation, and performance of the de 
Havilland Sprite rocket motor, for use as an assisted-take-off 
unit for civil or military jet aircraft. The Sprite gives a total 
impulse of 55,000 Ibs.-secs. 

The Armstrong-Siddeley ‘‘Snarler’? Rocket Motor. British 
Interplanetary Society, Journal, Vol. 11, No. 2, March, 1952, 
pp. 73-75, illus. Design, fueling, and method of control. 


Production (36) 


Aircraft Development in Australia. SS. Scott-Hall. The 
Aeroplane, Vol. 82, No. 2126, April 18, 1952, pp. 462-446, illus. 
Australian aircraft factories and experimental laboratories; 
their problems and progress; scope of Australian aeronautical 
work. 

Canada’s Aircraft Industry. I, II. James Hay Stevens. 
Flight, Vol. 61, Nos. 2254, 2256, April 4, 18, 1952, pp. 377, 378; 
462-464, illus. The general condition of the Canadian aircraft 
industry and the location, production, and capacity of Canadian, 
British-owned, and U.S.-sponsored aircraft firms. 

Design Data for Metal Wire Stitching. Product Engineering, 
Vol. 23, No. 4, April, 1952, pp. 156, 157, illus. 

Rocket Costs Reduced by Hot and Cold Forming. 4A pplied 
Hydraulics, Vol. 5, No. 4, April, 1952, pp. 35-37, illus. 

A method used by the Tube Reducing Corp. which combines 
cold compression forming equipment with the Westin Process 
hot-forming machine for producing precision tubing and for the 
upsetting operation for hot forming many tube shapes. 

Electroforming Produces Intricate Shapes to Close Tolerances. 
Charles L. Faust and William H. Safranek. Tool Engineer, 
Vol. 28, No. 4, April, 1952, pp. 37-40, illus. S8references. Proc- 
ess, equipment, evaluation, and costs of electroforming. 

Stretch-Forming. II-Tooling Methods and Examples of 
Forming Procedure on the Sheridan Longitudinal Machine. 
Richard Wood. Aircraft Production, Vol. 14, No. 162, April, 
1952, pp. 116-123, illus. 

Turbine Blades in Half the Time. Richard E. Stockwell 
Aviation Age, Vol. 17, No. 4, April, 1952, pp. 40, 41, illus. 

Design, development, and operation of the Omes upsetting 
machine produced by the Utica Drop Forge and Tool Corp. 
which reduces by 50 per cent the time required for preforming 
turbine blades; possible applications to other aircraft compo 
nents. 

New Flame-Hardening Technique. MVetal Treatment, Vol. 
19, No. 78, March, 1952, pp. 113, 114, illus. Development and 
applications of a flame-hardening machine that uses an oxy-town- 
gas flame instead of an oxy-acetylene flame and which has an 
automatic temperature control. 

Materials & Methods Manual No. 80: How to Select Brazing 
and Soldering Materials. H.R.Clauser. Materials & Methods, 
Vol. 35, No. 3, March, 1952, pp. 105-120, illus. Types, charac 
teristics, and uses of the available brazing and soldering materials 

Materials and Procedures for Soldering Aluminum. G. W. 
Birdsall. Materials & Methods, Vol. 35, No. 4, April, 1952, pp. 
116-118, illus. 
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Plastics reinforced with Garan Finished Fiber-Glass have 
outstanding flexural and compressive strength, superior 
weatherability and wet strength. Ideal for aircraft and 
a wide range of industrial applications. 
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L°-O-F Garan Finish imparts outstanding 


properties to Fiber*Glass-reinforced plastics 


Now, L-O-F has the exclusive rights to the 
famous Garan Finish. Widely used in indus- 
trial fabrics, it is now available on roving and 
chopped strand for greatly improved rein- 
forced plastics. 


The L:O-F Garan Finish imparts properties 
of higher flexural and compressive strength 
and increases the translucency of Fiber-Glass- 
reinforced plastics. What’s more, there is little 
loss in these properties after such plastics 
are exposed to high humidities or immersed 
in water. 


FIBER-GLASS 


Laminates made with L-O-F Garan Finished 
Fiber-Glass retain virtually all their wet strength 
after prolonged exposure. Losses in flexural 
strength of less than 10% have been shown. 
And moisture absorption after 24 hours’ im- 
mersion has been less than 0.1%. 


For more information on how L:O-F Garan 
Finished Fiber-Glass can give you superior 
reinforced plastics, contact the nearest L-O-F 
office (district offices in 24 major cities). Or 
write, wire or phone Libbey-Owens: Ford, Dept. 
F-G 982, Nicholas Bldg., Toledo 3, Ohio. 


LIBBEY- OWENS-FORD GLASS COMPANY 
FIBER*GLASS DIVISION 


Both polyester resins and Fiber-Glass for reinforced plastics 
available through Plaskon Division District Offices 


FIBER:-GLASS 
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TICAL ENGINE 


From Water Level To Stratosphere... 


Pittsburgh 
FABSEAL 


Makes Flying Safer... 
More Efficient! 


Millions of flying hours prove the 
dependable performance of these impregnated 
fabric tapes in civilian and military use! 


@ Many of America’s leading 
builders of aircraft use Pitts- 
burgh’s FABSEAL Tapes with 
complete confidence in their 
outstanding quality to seal flying 
boats, pressurized cabins and 
for other applications where 
there is considerable racking 
movement. 


@ FABSEAL Tapes are im- 
pregnated fabric of uniform 
density, resistant to water, 
gasoline and oil. They are avail- 
able in .015" thickness and in 
widths from 2" to 12”, pack- 
ages in rolls of 50 feet. 


PITTSBURGH PLATE GLASS CO., 
Pittsburgh, Pa. Factories: Milwaukee, Wis.; N 


@ These tapes are particularly 
designed for use in fluid or air 
containers where excessive 
pressures are experienced. 
They are also adapted for seal- 
ing structural members where 
flexibility and vibration present 
unusual requirements. FAB- 
SEAL Tapes can also be bolted, 
riveted or screwed between 
metal, wood or fiber members 
to provide a fillet that assures 
a complete seal. 


@ Call on us for advisory serv- 
ice. Our wide experience in the 
aircraft field often can save you 
time and money. 


Industrial Paint Div., 
ewark, N. 


ay ale, Pa.; Houston, Texas, Los Angeles, Calif.; Rescand. 
i 


Ore 


itzler Color Div. am Detroit, Michigan. The Thresher Paint 


& Varnish —- Dayton, Ohio. Forbes Finishes Division, Cleveland, 


Ohio. M B. Suydam Div., 


CHEMICALS 


PITTSBURGH PLATE 


Pittsburgh, Pa. 


PirtsBuRGH PaINnTS 


BRUSHES PLASTICS 


GLASS COMPANY 


KRING 


REVIEW AUGUST, 


1952 


Honeycomb Structural Techniques. Gilbert C. Close. Avia 
tion Age, Vol. 17, No.'4, April, 1952, pp. 6-9, illus. Method of 
machining and bonding the honeycomb 35H aluminum core used 
for the control surfaces of the Northrop F-89 Scorpion. 

Spot Welding in Aircraft Assembly. \/odern Metals, Vol. 8 
No. 1, February, 1952, pp. 37, 38, illus. Development of new 
spotwelding equipment and techniques, including a nonabrasive 
cleaner for aluminum, at Ryan Aeronautical Co. 

Huge Spot Welders for Joining Heavy Gage Metals at Ryan 
and Republic Plants. Automotive Industries, Vol. 106, No. 8, 
April 15, 1952, pp. 48, 49, illus 

Production Research on Aircraft. L. FE. Bunnett. Royal 
Aeronautical Society, Journal, Vol. 56, No. 495, March, 1952, 
pp. 179-188. 6 references. 

The need for and advantages of research by engineers trained 
in aircraft management and production to obtain optimum 
productivity of aircraft factories; methods of eliminating wastes 
of time and money. 

Limited Production of a Light Amphibian. 
Aircraft Engineering, Vol. 24, No. 2 
illus. 


James Hay Stevens. 
78, April, 1952, pp. 107-111, 
Design, specifications, and methods of manufacturing the 
Piaggio P-136 twin-engined seaplane trainer. 

Machine Tools for Defence. Jn/eravia, Vol. 7, 
1952, pp. 205-210, illus. 

The machine-tool situation in the U.S.; plans and projects 
of the Joint Army-Navy Machine Tool Program; heavy equip 
ment at Lockheed Aircraft Corp. and Ryan Aeronautical Co 

Automatic Tools Work Tough Jet Metals. Aviation Week, 
Vol. 56, No. 16, April 21, 1952, pp. 70, 72, illus. 

Development of hydraulically operated automatic tools by 
Danly Machine Specialties, Inc., for quick and accurate hole 
or slot-piercing, trimming, and riveting of tough metals 

Manipulation Shop. Huwker Siddeley Review, Vol. 5, No. 1, 
March, 1952, pp. 5-10, illus. 

Equipment and techniques used in the metal manipulation 
shop at A. V. Roe & Co., Ltd., for stretch-forming and other 
forming processes applied to extruded and molded metal sections 
for aircraft frames and components 

GE Cuts Bottlenecks at New Jet Center. David A. Ande rton 
Aviation Week, Vol. 56, No. 15, April 14, 1952, pp. 21, 24, 
29, 32, 35, illus. Equipment, production and design sc s 
used by General Electric Co. at its Lockland, Ohio, turbojet 
engine plant; characteristics of the J47-GE-27 turbojet. 

10,145 Jet Engines. Thomas Mac New. Automotive Indus 
tries, Vol. 106, No. 8, April 15, 1952, pp. 44, 45, illus. Production 
and testing facilities and equipment at the Lockland, Ohio, jet 
cngine plant of the General Electric Co. 


No. 4, April, 


Propellers (11) 


The High-Speed Propeller. George W. 
tical Engineering Review, Vol. 11, No. 
illus. 

Aerodynamic and structural considerations in the design of an 
efficient propeller for use at transonic and high subsonic forward 
speeds; overall performance data for a turboprop engine with 
both transonic and supersonic propellers; propeller efficiencies 

ALPA Proposes Prop Reversal System. F. Lee Moore. 

iviation Week, Vol. 56, No. 15, April 14, 1952, pp. 84, 85, illus 
Operation of a system developed by the Air Line Pilots Association 
to stop accidental propeller reversal on the hydraulically con 
trolled systems made by Hamilton Standard. 

Airscrew-Hub Manufacture. I--Method of Production at 
Rotol Ltd.; Preliminary Metal-Removal Operations. Aircraft 

’roduction, Vol. 14, No. 162, April, 1952, pp. 184-140, illus 


Brady. Aeronau 
7, July, 1952, pp. 22-27, 


Reference Works (47) 


Bibiliography of NACA Papers on Rotating-Wing Aircraft, 
January 1952. Alfred Gessow. (U.S., N.A.C.A., Research 
Vemorandum No. L7J30, 1948.) U.S., N.A.C.A., Research 
VWemorandum No. L52B18a, March 20, 1952. 13 pp. 139 
references. 

A bibliography of 139 unclassified N.A.C.A. papers on rotating 
wing aircraft issued up to January, 1952, chronologically listed 
under the following headings: aerodynamics of hovering and 
vertical flight, aerodynamics of forward flight, rotor-blade motion 
ind stall studies, airfoils, vibration, stability, landings and loads, 
ind general. 
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Plastics Literature References. Gordon B. Thayer. Me- 
chanical Engineering, Vol. 74, No. 4, April, 1952, pp. 309-311 
117 references. A list of 117 references on plastics published from 
July, 1959, through June, 1951, listed under twelve headings that 
cover basic properties, forming practices, and uses. 

Military Aircraft of the World. H.F. King. Flight, Vol. 61, 
No. 2254, April 4, 1952, pp. 379-418, illus. A summary of pub- 
lished data on the developments since 1950 in the construction, 
performance characteristics, and applications of all types of the 
world’s military aircraft. 


Rotating Wing Aijircraft (34) 


A Review of Helicopter Patents. L. H. Hayward. Aircraft 
Engineering, Vol. 24, No. 278, April, 1952, pp. 92-105, illus. 
Helicopter patent history; patents on jet propulsion of heli- 
copters. 

Bibliography of NACA Papers on Rotating-Wing Aircraft, 
January 1952. Alfred Gessow. (U.S., N.A.C.A., Research 
Memorandum No. L7J30, 1948). U.S., N.A.C.A., Research 
Memorandum No. L52B18a, March 20, 1952. 13 pp. 139 
references. 

A bibliography of 139 unclassified N.A.C.A. papers on rotating- 
wing aircraft issued up to January, 1952, chronologically listed 
under the following headings: aerodynamics of hovering and 
vertical flight, aerodynamics of forward flight, rotor-blade motion 
and stall studies, airfoils, vibration, stability, landings and loads, 
and general. 

Readers’ Forum: Suggested Way of Comparing Overall 
Efficiency of Helicopters. W. Z. Stepniewski. Journal of the 
Aeronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 430, 431 
1 reference. 

Evaluation of overall energy efficiency of all types of helicopters 
in which the efficiency is expressed as the ratio of the ideal power 
required to produce a given thrust to the potential power repre- 
sented by the heat energy of the fuel actually used in a unit of 
time rather than as the aerodynamic merit of the helicopter 
rotor. 

Reply to ‘‘Airworthiness Requirements and the Fatigue of 
Helicopters’? by J. Shapiro. W. A. P. Fisher. Aircraft Engi- 
neering, Vol. 24, No. 278, April, 1952, pp. 106, 117. 

Bristol Type 173 Twin-Engined, Twin-Rotor Helicopter, 
England. Shell Aviation News, No. 164, February, 1952, pp 
10, 11, illus. Design evolution and flight test data. 

Gyrodyne Model 2c Coaxial Five-Place Helicopter. David A 
Anderton. Aviation Week, Vol. 56, No. 17, April 28, 1952, 
pp. 25, 26, 29, 30, 32, illus. 

Experimental Investigation of Transition of a Model Heli- 
copter Rotor from Hovering to Vertical Autorotation. S. E 
Slaymaker, Robert R. Lynn, and Robin B. Gray. U.S., N.A.- 
C.A., Technical Note No. 2648, March, 1952. 29 pp., illus. 4 
references. 

Metal Rotor Blades in Production. Aviation Age, Vol. 17 
No. 4, April, 1952, pp. 28-30, illus. 

Design, development, basic components, and results of static 
and whirl tests on the all-metal rotor blade produced by Prew- 
itt Aircraft Co. for the Piasecki HUP-2 helicopters for the 
U.S.N. 


Sciences, General (33) 
MATHEMATICS 


An Iterative Method for the Solution of Eigenvalue Problems. 
V. J. Berry and C. R. de Prima. Journal of Applied Physics, 
Vol. 23, No. 2, February, 1952, pp. 195-198, illus. 4 references. 

On Matrices Whose Eigenvalues Are in Arithmetic Pro- 
gression. P. T. Landsberg. Cambridge Philosophical Society, 
Proceedings, Vol. 47, Part 3, July, 1951, pp. 585-590. 4 refer- 
ences. 

A Boundedness Theorem for Non-Linear Differential Equa- 
tions of the Second Order. G. E. H. Reuter. Cambridz 
Philosophical Society, Proceedings, Vol. 47, Part 1, January, 1951, 
pp. 49-54, illus. 5 references. 

On the Recurrent Solutions of a Class of Non-Linear Differ- 
ential Equations. F.G. Friedlander. Cambridge Philosophical 
Society, Proceedings, Vol. 47, Part 2, April, 1951, pp. 315-330. 
9 references. 


1952 


On the Accumulation of Errors in the Numerical Solution 
of Differential Equations. A. Papoulis. Journal of Applied 
Physics, Vol. 23, No. 2, February, 1952, pp. 173-176. 3 refer- 
ences. 

On a Method of Solution of Two-Dimensional Boundary 
Value Problems. Tomijiro Moriya. Japan Society for Applied 
Mechanics, Journal, Vol. 3, No. 18, August, 1950, pp. 11-13. 
3 references. 

An approximate method, based on the work of Rosa M 
Morris, of deriving the function for cylinders that satisfies the 
Laplace equation for two-dimensional boundary value problems 
in a given field. 

A Description and a Comparison of Certain Nonlinear Curve- 
Fitting Techniques, with Applications to the Analysis of Tran- 
sient-Response Data. Marvin Shinbrot. U.S., N.A.C.A., 
Technical Note No. 2622, February, 1952. 41 pp., illus., tables 
10 references. 

Explanation of several least-squares methods for curve-fitting 
a set of data to a nonlinear function; the methods are each ap 
plied to fit flight data to a sum of two exponentials to illustrate 
their use in calculating aircraft stability parameters. 


PHYSICS 


Radioautographic Method for Examining Distribution of Par- 
ticles in a Cyclotron Beam. M. L. Pool and §S. Fultz. U.S., 
N.A.C.A., Technical Note No. 2650, March, 1952. 20 pp., illus 
3 references. 


Space Travel 


Generalized Interplanetary Orbits. H. Preston-Thomas 
British Interplanetary Society, Journal, Vol. 11, No. 2, March 
1952, pp. 76-85, illus. 4 references. Method of obtaining, toa 
first approximation, the time of flight and power requirements 
for a journey between any two specified orbits. 

Problems of Astronautical Research. Eugen Singer. British 
Interplanetary Society, Journal, Vol. 11, No. 2, March, 1952, pp. 
57-60. 

Research in the Upper Atmosphere with Sounding Rockets 
and Earth Satellite Vehicles. S. F. Singer. British Inter- 
planetary Society, Journal, Vol. 11, No. 2, March, 1952, pp. 61-73 

The performance characteristics, techniques of handling, and 
results obtained from high altitude sounding rockets in the U.S.; 
relation to space flight; advantages of using an earth satellite 
vehicle as a solar observatory. 

Artificial Satellites. J. Humphries. Aeronautics, Vol. 26, 
No. 3, April, 1952, pp. 62, 65, 66, 69, 70, illus. 8 references 

The Cost of Interplanetary Cargo Transportation. I, II. 
Norman J. Bowman. Journal of Space Flight, Vol. 4, Nos. 3, 4, 
March, April, 1952, pp. 1-10; 1-9. 

Calculations of the possible minimum value of minerals and 
other materials that might be transported between planets, 
based on minimum energy requirements for space voyages and 
on known values for the energy content of standard fuels. 


Structures (7) 


The Relaxation Method in Stress Analysis. D. G. Christo 
pherson. British Journal of Applied Physics, Vol. 3, No. 3, 
March, 1952, pp. 65-72, illus. 10 references. 

Analysis of various proposals for speeding the convergence of 
the relaxation method when it is used to solve problems in stress 
analysis; degree of accuracy that can be obtained; development 
of a method for obtaining an accurate solution to the biharmonic 
(fourth order) equation that occurs in the analysis of plane stress 
and plane strain. 

Fatigue and the Airworthiness Engineer. Walter Tye. 7h: 
Aeroplane, Vol. 82, No. 2127, April 25, 1952, pp. 490-492, illus. 
The development of fatigue in aircraft is analyzed in terms of the 
effect of internal structures, external loading, and atmospheric 
stresses. 

The Fatigue Situation for Civil Aircraft. P. B. Walker 
The Aeroplane, Vol. 82, No. 2127, April 25, 1952, p. 493. 

Methods of analyzing aircraft structural fatigue and of using 
the results to prevent fatigue failures that are causes of accidents; 
obtaining maximum fatigue life of civil aircraft structures. 

Interaction of Column and Local Buckling in Compression 
Members. P. P. Bijlaard and G. P. Fisher. U.S., N.A.C.A., 
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Inconel 


may be the alloy 
for your “hot spots” 


Ever need a metal for a job involving repeated 
heating and cooling cycles...or services where large 
temperature gradients exist? 


Next time you do, put Inconel® at the top of 
your “alloys-to-try” list. 


Chances are, you may not have to use the rest 
of the list, for Inconel is unique among metals. It 
is one of the relatively few suited for high-tempera- 
ture aircraft service that offers all these often- 
sought properties: 


— High strength and toughness, 
both hot and cold 

— Exceptional resistance to corrosion 

— Structural stability 

— Resistance to oxidation at high 
temperatures 

— Good workability 


This is an alloy you can depend on for the “hot 
spots” — manifolds, heater combustion chambers, 
collector rings, jet blanket liners, thermocouple 
sheathing and an almost endless list of other jobs. 


A wrought nickel-chromium-iron alloy, Inconel 
is a wise choice for the sensing element of the air- 
craft electronic fire detector pictured above. Ductile 
enough to be snaked throughout areas where fires 


CREEP AND RUPTURE PROPERTIES 
OF COARSE GRAINED !NCONEL 


FINDS FIRE — and survives it. Heart of this new elec- 
tronic fire detector for aircraft is its Inconel sensing unit 
(arrow). The slim and extremely ductile Inconel tube 
contains two fine Inconel wires, encased within a thermis- 
tor ceramic. Heat from fire raises temperature of ceramic, 
lowering its electrical resistance. Detector circuit then 
actuates the signal. During controlled experiments, one 
of these Inconel units successfully withstood over 100 fire 
tests. Photo courtesy of Walter Kidde & Company, Inc., 
Belleville, N. J. 


may break out, the Inconel element — even after 
long exposure to high temperatures — retains high 
strength and ductility. It not only functions effi- 
ciently at -65° F., but resists fire damage when 
temperatures soar to 2000°. This helps the unit 
automatically reset and go back to work after a 
fire is out. 


There’s another characteristic of Inconel that’s 
important, too — workability. With Inconel, you 
needn’t worry about running into fabrication prob- 
lems. Inconel is readily machinable with high-speed 
steel tools, and can be joined by the usual welding, 
brazing and soldering processes common to 
industry. 


You'll find complete information about this use- 
ful high-temperature alloy in our 24-page reference 
manual, “Engineering Properties of Inconel.” Your 
copy is waiting. Just write and ask for Technical 
Bulletin T-7. 


One last — and important — point. Inconel, like 
other nickel alloys, is now on extended delivery be- 
cause of defense needs. So it is necessary to include 
NPA rating and complete end-use information with 
all orders. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street, New York 5, N.Y. 


Nickel Alloys MONEL MONEL + NICKEL LOW 
CARBON NICKEL » DURANICKEL® + INCONEL® 
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Technical Note No. 2640, March, 1952. 
ences. 

Development of the exact theory for determining the actual 
buckling stress ocr. of arbitrary plate assemblies which leads to 
transcendental buckling conditions for o.,. which have to b¢ 
solved by trial and error; derivation of design formulas for the 
individual buckling stresses and for a column with T-section 
Results of stress-strain tests on square tube columns were used in 
column tests to study the interaction of local and column buck 
ling. 

Ripple-Type Buckling of Sandwich Columns. A. Cemial 
Eringen. Journal of the Aeronautical Sciences, Vol. 19, No. 6, 
June, 1952, pp. 409-417, illus. 17 references. 

Analysis of the problem of ripple-type buckling of thick sand 
wich columns having orthotropic cores under axial compressive 
loads and under end moments. The method can be applied to 
general end conditions and for arbitrary axial and transverse 
loading. 

Readers’ Forum: Comments ‘‘On the Deflection of Swept 


110 pp., illus. 21 refer 


Cantilevered Surfaces’? by C. Martin and Hemen J. Gursa-. 


haney. David B. Hall. Journal of the Aeronautical Sciences, 
Vol. 19, No. 6, June, 1952, pp. 423, 424, illus. 


The Buckling Stress of Thin Cylindrical Shell Under Axial 
Compressive Load, Forming Axial-Symmetrical Deformation. 
Masatsugu Kuranishi. Japan Society for Applied Mechanics, 
Journal, Vol. 3, No. 18, August, 1950, pp. 19-24, illus. 3 refer 
ences. 

Some Notes on the Plastic Deformation of Hollow Spheres 
with Large Strain. Hisao Mii. Japan Society for Applied 
Mechanics, Vol. 3, No. 18, August, 1950, pp. 13-19, illus. 4 refer 
ences. 

Derivation of stress expressions in the form of definite integrals 
for the problem of plastic deformations of thick-walled light metal 
spheres subjected to internal and external pressures. 


doors. 


engine from rest of airplane. 


temperatures of arctic and stratospher 


MAIN OFFICE AND PLANT: 411 East Street, New Haven, Conn. 
CHICAGO: 3120 North Cicero Ave. * LOS ANGELES: 521 North LaCienega Blvd. 


MOTOR MOUNT — Isolates vibration of Pratt and Whitney Aircraft 


BOMB BAY DOOR SEAL — Made of silicone rubber to resist —100°F 


COHRLAsTIC 


ING REVIEW—AUGUST, 1952 


A Problem in Dynamic Plasticity: The Enlargement of a 
Circular Hole in a Flat Sheet. W. Freiberger. Cambrids. 
Philosophical Society, Proceedings, Vol. 48, Part 1, January, 
1952, pp. 185-148, illus. 5 references. 

Buckling of Oblique Plates with Clamped Edges Under Uni- 
form Compression. W. H. Wittrick. Australia, Department 
of Supply, Aeronautical Research Laboratories, Report No. SM 
182, November, 1951. 28 pp., illus., folding charts. 6 refer 
cnces 

Analysis of the buckling of flat oblique plates with all edges 
clamped. A procedure is developed, using a Rayleigh-Ritz 
cnergy method, for obtaining numerical values of the critical 
stresses; calculations for the buckling stress coefficient are ob 
tained for plates having acute angles of 60° and 45°, and sid 
ratios varying between */; and 

Experimental Diagrams of Deformation and Strain Distribu- 
tion in Curved Plates Under Compression. k. B. Jackson and 
A. H. Hall. Canada, National Research Council, Aeronautical 
Report No. AR-9,1951. 149 pp., illus. 2 references. 

Stress-strain diagrams of strain distribution and plate deforma 
tions for values of edge strain between zero and failure are pre 
sented for twenty representative plates covering a range of width 
to-thickness ratio from 77 to 400, and ratios of plate thickness 
to-radius of curvature from 0 to 1.6 & 1074. 

Correlation Between Some Stability Problems for Ortho- 
tropic and Isotropic Plates Under Biaxial and Uniaxial Direct 
Stress. W. H. Wittrick. Australia, Department of Supply, 
Aeronautical Research Laboratories, Report No. SM. 184, Decem 
ber, 1951. 1&8 pp.,illus. 2 references. 

Investigation of Stress Distribution in Rectangular Plates 
with Longitudinal Stiffeners Under Axial Compression After 
Buckling. Chi-Teh Wang and Harry Zuckerberg. U.S., 
N.A.C.A., Technical Note No. 2671, March, 1952. 61 pp., illus 
5 references 


(Concluded on page 110) 


aircraft 
parts 


FOR 
TEMPERATURES 
100 BELOW 


ELECTRIC HEATING UNIT — Made from laminated silicone rubber 
fiberglas and resistance wires to prevent ice formation on jet engine 


HINGE BEARINGS — Shock mounted to prevent bearing and strut 
failure due to vibration. 


PRATT & WHITNEY PARTS — Custom 
fabricated for the world’s most powerful 
reciprocating engine. 


PRODUCT OF THE 


HARD RUBBER COMPANY 


FORT WORTH: J & L Supply & Equip. Co. * SEATTLE: C & H Supply Co., 2723 First Ave. * WICHITA: C & H Supply Co., 1725 East 2nd St. * DAYTON: Charles L. Backus, Jr., 416 
Realty Bidg. * DETROIT: J. L. Gitre, 726 Fisher Bldg. * WASHINGTON, D.C.: Richard E. Harmon, 1500 Mass. Ave., N.W., Suite 14 » TORONTO: Winnett Boyd, Ltd., 717 Church St. 
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A COMPLETE MEDIA PACKAGE 
FOR YOUR 


Aviation Marketing Program 
J 


AERONAUTICAL AERONAUTICAL 
ENGINEERING | ENGINEERING 
REVIEW CATALOG 
For your monthly advertising messages to Prefiles and distributes your aircraft prod- 
the aircraft industry's engineering and de- ucts catalog to aviation’s buyers and 
sign personnel—the men who influence specifiers. 
buying. 
1959 7,000 copies are distributed annually to 
AVIATION aircraft engineers, designers, technicians 
MARKET and purchasing agents in all leading air- 
BOOK craft, engine and parts companies, Govern- 
Now Available! ment aviation departments and leading 
16 pages of FACTS on your market and air lines. 


the REVIEW. Write for your free copy of 12-page 
Write for your free copy TODAY! MARKET BOOK giving full details. ° 


OFFICIAL PUBLICATIONS: 


INSTITUTE OF THE AERONAUTICAL SCIENCES 


2 East 64th Street New York 21, N. Y. 
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ew, More Powerful 
llison Jet Engines 


ut Added Sting in 
the Scorpions 


THE NORTHROP SCORPION F-89Cc — newest all-weather jet 
interceptor for the Air Force—gets a big power boost 
from two new Allison J35 engines. 


With take-off thrust in the new J35-A-33 engines 
greatly increased over previous models in the F-89 
series, the Scorpion remains the highest-powered 
interceptor in production in the world today. 


This increased power from the improved Allison 
engines gives the aircraft faster take-off—higher 
rate of climb—even with heavier fire power and 
radar equipment. 


Pilots now pack a special Sunday punch in their 
round-the-clock patrol for any intruders approach- 
ing our shores. 


Today, Allison engines are depended upon exclusively 
to power the interceptors which guard our shores—a 
demonstration of confidence based on the unequalled 
experience of more than 1,700,000 hours in the air— 
more time, under all conditions, than all other jet 
engines combined. 
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GM 


GENERAL 
MOTORS 


DIVISION OF GENERAL MOTORS 
INDIANAPOLIS, INDIANA 


Builders of J35 Axial, J33 Centrifugal 
Flow Turbo-Jet Engines, T38 and T40 
Turbo-Prop Engines. 
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Aeronautical Reviews 


COMPUTERS 


Electronic Analog Computers (D-C Analog 
Computers). Granino A. Korn and Theresa M. 
Korn. New York, McGraw-Hill Book Company, 
Inc., 1952. 378 pp., illus., diagrs., figs. $7.00. 

The present volume is intended primarily as a 
textbook on the design and operation of d.c. analog 
computers. The explanations and data are illus- 
trated by examples from industrial applications, 
including design of automatic pilots and linear 
and nonlinear servomechanisms, and solutions 
of oscillation problems, ballistic trajectories, and 
aircraft flight equations. Samples of problem- 
preparation records are given. No mathematics 
beyond that taught in an elementary course on 
differential equations is required to read the book 
A knowledge of electronics is prerequisite, and the 
authors refer the reader to elementary texts on this 
subject. 

Chapter 1 briefly treats of the applications of 
computing devices, the mathematical relations 
involved, and the techniques used. In Chapter 
2 is presented a simple standard procedure for 
setting up a d.c. analog computer to solve a given 
set of differential equations. Chapter 3 gives 
computer setups for a number of practical prob- 
lems that are illustrations of modern industrial 
applications. Stress is laid on the preparation 
of useful records of each computation. Chapters 
4 to 6 are concerned with the theory and design of 
linear computing elements, operational amplifiers 
and networks; d.c. amplifiers for computer ap- 
plications and developments in the fields of analog 
multiplication and function generation. Chapter 
7 describes the design of auxiliary circuits, such as 
power supplies and recorders. Two sections are 
devoted to improved control circuits; procedures 
for operating and checking d.c. analog computers 
are covered here. The design and construction 
of complete computer installations form the chief 
topics of Chapter 8. Reliable and economical 
operation is emphasized in a discussion of the 
choice of computing elements and associated 
equipment. Some modern installations are de- 
scribed in detail and are discussed in the light of 
design principles previously presented. The 
volume recounts some of the experiences of many 
workers and labcratories concerned with the 
design and application of analog computers. 
Many current diagrams of actual equipment have 
been reproduced. The appendix stresses some 
properties of parallel-feedback-type operational 
amplifiers. The 4-page bibliography is supple- 
mented by numerous footnote references. There 
are an index of authors and an index of subjects. 
Granino A. Korn is a Staff Engineer, Lockheed 
Aircraft Corporation. 


EQUIPMENT 


HYDRAULIC 


Proceedings of the 7th National Conference on 
Industrial Hydraulics, November 7-8, 1951; 
Sponsored by the Graduate School and Armour 


Book Notes 


Research Foundation, Illinois Institute of Tech- 
nology. (Conference Series, Vol. 5) Chicago, 
January, 1951. 202 pp., illus., diagrs., figs. 
$4.50. 

Partial Contents: Low Temperature Hydraulic 
Fluids, J. B. Shipp, Jr. Flow Testing of Centrif- 
ugal Pump Components Using Air as a Medium, 
A. J. Thompson. Reverse Rotation Operation 
for Pumps, W. M. Swanson. Control of Leakage 
in Taper Pipe Thread Joints, Douglas Mc- 
Connell. Hydraulic Hose Design, J. J. Millard. 
The Growth and Application of the Accumulator 
in Industrial Hydraulic Systems, Edward M. 

reer. 


FUELS & LUBRICANTS 


Fuels and Combustion. Marion L. Smith and 
Karl W. Stinson. New York, McGraw-Hill 
Book Company, Inc., 1952. 340 pp., illus., 
diagrs., figs. $6.50. 

This textbook has been written to present to 
undergraduate students and to engineers funda- 
mental and factual information about solid, liquid, 
and gaseous fuels and the problems associated 
with their combustion. The general topics of 
fuel technology and the relationships of air, fuel, 
combustion products, and the heat released are 
presented. Fundamental concepts of modern 
theories of combustion are covered in such a 
manner that they are within the grasp of students 
who are nct chemistry majors. 

Chapters 1 to 7 treat of the types of fuels, 
stoichiometric and thermochemical analysis, the 
combustion process, physical properties of fuels, 
gas and oil burners, and coal-burning equipment. 
Problems of reciprocating internal-combustion 
engines, gas turbines, and rocket motors are dis- 
cussed in Chapter 8. The book concludes with an 
appendix giving charts dealing with combustion 
phenomena and with a subject index. Problems 
and references to current literature appear at the 
end of each chapter. The authors are Assistant 
Professor and Professor of Mechanical Engineer- 
ing, The Ohio State University, in the order 
given above. 

Methods of Analysis of Fuels and Oils. J. R. 
Campbell. Edited by William Gibb. New 
York, Chemical Publishing Company, Inc., 1952. 
216 pp., diagrs., figs. $4.00. 

The object of this book is to provide a labora- 
tory guide to the principal methods of examina- 


For information on 1.A.S. 
Library Service Facilities, 
see page 79 


Statements and opinions ex- 
ressed in Book Reviews are td 
@ understood as individual ex- 

pressions and not necessarily 
those of the Institute. 
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— BOOKS 


tion of gaseous, liquid, and solid fuels and lubrica- 
ting oils. It is designed to meet the requirements 
of students of applied chemistry, metallurgy, and 
engineering and comprises essentially a collec- 
tion of established experimental methods. These 
methods constitute the basis of the courses in 
practical training in the testing of fuels given in 
the Royal Technical College, Glasgow, where the 
author was associated with the Department of 
Technical Chemistry. Brief résumés of the 
theoretical principals underlying the methods have 
been included in a number of instances. A short 
bibliography of 28 references is given. Over 58 
drawings of test equipment are reproduced. 

Contents: (1) Proximate Analysis of Coal. 
(2) Ultimate Analysis of Coal. (3) Determina- 
tion of Some of the Minor Constituents of Coal. 
(4) Determination of the Calorific Value of Coal. 
(5) Calculation of the Mineral Matter Content 
ef Coal. (6) Assay of Coal for Carbonisation 
Purposes. (7) Coal Cleaning and Washability 
Curves. (8) Examination of Oils. (9) Gas 
Analysis. (10) Calorific Value of Gases. (11) 
High Temperature Measurement. Bibliography. 
Appendix (Conversion Factors, Vapour Pressure 
of Water, Logarithms). Index. 


INSTRUMENTS 


Automatic and Manual Control. Papers Con- 
tributed to the Conference Organized by the 
Department of Scientific and Industrial Research 
and Held at the College of Aeronautics, Cran- 
field, July 16-21, 1951. A. Tustin, Chairman, 
Editorial Committee. London, Butterworths 
Scientific Publications, 1952. 584 pp., illus., 
diagrs., figs. 50s. 

Contents: Presidential Address, Ben Lock 
speiser. Section 1, Educational Problems: Feed- 
back System Engineering—A Challenging Edu- 
cational Objective, Gordon S. Brown. Education 
in Relation to Automatic Control. Section 2, 
General Theory: The Stability Criterion, L. S. 
Dzung. Relative Damping as Criterion for 
Stability and as an Aid in Finding the Roots of a 
Hurwitz Polynomial, A. Leonhard. The De 
velopment of Relationships Concerning the Fre 
quency Bandwidth and the Mean Square Error 
cf Servo-Systems from Properties of Gain- 
Frequency Characteristics, J. H. Westcott. 
Some Aspects of the Problem of Optimizing the 
Performance of Servo-Systems Incorporating 
Rotary Generators, J. M. Layton. The Applica- 
tion of the Electrolytic Tank to Servo-Mechanism 
Design, A. R. Boothroyd and J. H. Westcott. 
A Generalization of the Frequency Response 
Method for the Study of Feedback Control 
Systems, N. L. Kusters and W. J. M. Moore. 
Application of Statistical Techniques to the 
Servo-Mechanism Field, M. J. Pélegrin. The 
Determination of the Best Form of Response for a 
Servo When an Extraneous Random Disturbance 
Is Present with an Error Signal, S. Jones. Section 
3, Process Control: Steady-State Systems Engi- 
neering in Automatic Process Control, H. Tyler 
Marcy and M. Yachter. The Scope for the 


ASE ON 

| Je | 

| 

| 
| 


106 AERONAUTICAL ENGINEERING REVIEW 


FOREMOST FOR FLIGHT. 


CONCAVE X 
Aircraft Bearings 


Up in the skyways where the real test of 
bearing performance is made, the superior 
quality, design and performance of Shafer 
Aircraft Control Bearings have earned 
universal preference. 


With Shafer dependability you get assur- 
ance of maximum bearing life, low cost 
maintenance, all-round bearing economy 
... and safety. For Shafer Aircraft Bearings 
are a development of continuous research- 
engineering that has paced aviation’s stiff- 
est bearing specifications throughout the 
past third century. Write for descriptive 
literature covering our complete line of both 
aircraft and industrial bearings. 


SHAFER 
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Further Application of Servo Theory in Process 
Control, N. Ream. The Characteristics of Air- 
Operated Controllers, A. R. Aikman and C. | 
Rutherford. Analysis of Pneumatic Controllers 
J. M. L. Janssen. The Influence of Measuring 
and Transmission Lags, A. R. Aikman 
Recent Developments in Process Control, W. H 


pome 


Howe. Transfer Function Analysis of Heat 
Exchange Processes, VY. Takahashi Discussion 
on Process Control. Section 4, Non-Linear 
Problems: An Introduction to the Analysis of 
Non-linear Closed Cycle Control Systems, W. I 
Scott. Some New Concepts and Theorems 
cerning Non-Linear Systems, E. Colin Cherry 
and W. Millar. A General Linearizing Process for 
Non-Linear Control Systems, J. M. Loeb. The 
Stabilization of On-Off Controlled Servo-Mechan 
isms, A. M. Uttley and P. H. Hammond Non 
Linear Control Systems, N. Minorsky Stability 


Criteria for Certain Non-Linear Systems, R. W 


on- 


Jones. The Jerking Motion Caused by Static 
Friction in Position Control Systems, J. D 
Harmer Backlash and Resilience Within the 


Closed Loop of Automatic Control Systems, J. R 


R 


Liversidge Section 5, Systems Working on 
Intermittent Data and Step-by-Step Servo 
Characteristics of Sampling Sero-Systems, ( 
Holt Smith, D. Lawden, and A. E Sailey 
Application of Finite Difference Operators to 


Linear Systems, B. M. Brown Deviation De 
pendent Step-by-Step Control Systems and 
Their Stability, Hans Sartorius Deviation De 
pendent Step-by-Step Control as Means to 
Achieve Optimum Control for Plants with Large 
Distance-Velocity Lag, R. C. Oldenbourg. Os- 
cillatory Phenomena in On-Off Controls with 
Feed-Back, W. Oppelt. Section 6, The Human 
Operator Free-Moving Versus Fixed Control 
Levers in a Manual Tracking Task, C. B. Gibbs 
and J. C. Baker. The Human Transfer Function 
in Servo-Systems, J. D. North. Section 7, 
Particular Devices and Applications Including 
Analogues: Electro-Hydraulic Control of Water 
Turbines, A. Garde. Symposium on Analogue 
Computers. Section 8, Analysis of the Behaviour 
of Economic Systems. Section 9, Demonstrations 
at the Conference. Mathematical Note on the 
Theory of the Complex Variable Author Index 
Subject Index. 

‘Electrical Measurements. Forest K. Harris 
New York, John Wiley & Sons, Inc 1952 
784 pp., figs., illus. $8.00 

This book is the outgrowth of lectures on elec 
trical measurements given to students of electrical 
engineering and physics by the author, who is 
Professional Lecturer in Electrical Engineering 
at the George Washington University, and 
Physicist at the National Bureau of Standards 
The points of view of the practicing engineer 
laboratory worker, research worker, and student 
are combined in this study of basic electrical 
instrument theory, application methods, appa 
ratus, and techniques. The scope of the volume 
ranges from basic principles to applications 
within the field of d.c. and low-frequency oscilla 
tions. The author discusses the origins, relations 
and dimensions of electrical units and then sys 
tematically presents the basic theory of the 
various types of electrical instruments. Par 
ticular stress is placed on the suitability of specific 
techniques and instruments for laboratory work, 
good operating techniques, and error detection 
and compensation. Prerequisite for a worth 
while study of the work are a good acquaintance 
with the theory of electricity and of electric 
circuits, a background of mathematics through 
calculus, and laboratory experience in the mani 
pulation of electrical instruments and apparatus 
Footnote references are frequent, and there is a 
combined index of authors and topics 


MACHINE ELEMENTS 
FASTENINGS 
Bolt, Nut and Rivet Standards. 2nd Ed 
Cleveland, Industrial Fasteners Institute, 1952 
247 pp., diagrs. $3.00. 
This compilation of commercial standards is 
published both to aid production in manufac 
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turers’ plants and to acquaint users with accepted 
standards of nomenclature, dimensions, sizes, and 
other practices. Many of the standards pre- 
sented have been developed and approved through 
the procedure of organizations, such as the 
American Standards Association and the Division 
of Simplified Practice of the U.S. Department of 
Commerce, with the 
facturers; acknowledgment is made in each case. 
The remainder of the standards has been prepared 
by the Industrial Fasteners Institute with the 
cooperation of users and both member and non- 
member manufacturers. The previous edition of 
this compilation was published in 1941. The 
first two-thirds of the book presents standards for 
square and hexagon bolts and nuts, round head 
bolts, track bolts, plow bolts, studs, miscellaneous 
bolts, slotted and recessed head screws, socket 
head screws, screw threads, small solid rivets, 
and large rivets, The balance of the volume is 
devoted to lists of standards and their issuing 
the United States, including the 
military serivices; a résumé of fastener materials 
and manufacturing processes; tables of weights of 
products; tables giving stock production sizes; 
terminology and recommended abbreviations; 
and a detailed index of the entire volume. 


participation of manu- 


agencies in 


MAINTENANCE 


Illustrated Design Manual for the Repair of 
Aluminum Alloy Structures, with Particular 
Emphasis on Aircraft Construction. Edited by 
Howard M. Jensen. Bethpage, L.I., N.Y., 
Johnson Research Corporation, 1952. 200 pp., 
diagrs., figs. $3.50. 

Section I contains general information on types 
of damage and reviews accepted methods for their 
detection and analysis. The emphasis is on the 
approach. Section II describes and 
materials and processing methods 
Data are included on such topics as handling of 
extrusions, rivets, screws, bolts, welding, air and 
pressure tightness, finishing methods, and mass- 
balancing of control Considerable 
data on steel tubing and its repair are given. 
Section III treats of actual repair problems and 
cites typical Drawings 
are used in the discussion. Problems of dis- 
similar metals in contact, such as aluminum and 
other alloys. are covered. In Section IV, speci- 
fications (sizes, weights, materials, AN numbers) 
of standard fasteners are presented. The final 
part of the book, Section V, consists of an appen- 


practical 
evaluates 


surfaces. 


examples. and _ tables 


dix containing mathematical tables, solutions 
of formulas, and equations. 
MATERIALS 
Treatise on Powder Metallurgy. Vol. 3, 


Classified and Annotated Biblography. Claus 
G. Goetzel. New York, Interscience Publishers 
Inc., 1952. 899 pp. $22. 

Almost 12,000 references are assembled in this 
final volume of Treatise on Powder Metallurgy. 
The volume is divided into two main parts. The 
first contains a classified, annotated bibliography 
of published books, reports, and periodical articles; 
the second part contains a classified, annotated 
survey of the patent literature, United States and 
foreign. The organization of both of these parts 
has been carried out to conform closely to the 
atrangement of the text in Volumes 1 and 2. 
There are also an 8-page Patent Cross Index 
referring to patent citations in the first two vol- 
umes, a 5-page index of subjects, and a 77-page 
Both parts of this volume contain 
Exceptions are 


author index. 
references up to January 1, 1950. 
a few items published in 1950 (new books and con- 
tinuations of parts of periodical articles published 
previously) and the proceedings of a symposium 
sponsored by Sylvania Electric Products Com- 
pany in January, 1951. In addition to the sub- 
jects of pigments, metallic coatings, and catalysts, 
which might be considered to be fringe applica- 
tions, there are included in the bibliography metal 
in metallurgical 
and their production as a step in the refining or 


powder applications processes 


processing of ores. Also included are specific 


machinery used in powder metallurgy and de- 
vices used in testing and classifying metal pow 
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ALOFT vithite LEADERS 


*The Bell X-1 


The original Bell X-1, now proudly resting 


in the Smithsonian Institution, was the first 


plane to break the sonic barrier. Electrol 


is proud indeed to have provided various 


hydraulic components for so famous a 


plane in so historic a flight. Working con- 


stantly with today’s foremost designers 


and builders of aircraft, Electrol offers its 


cumulative technical experience to all - 


manufacturers in the field of aviation. 
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Here is the answer to a frequent question we 
receive from people everywhere. Yes, Cannon 
does make a complete line of accessories to be 
used in conjunction with the AN Series of con- 
nectors. Complete engineering data on each of 
these is given in the Cannon AN Bulletin, avail- 
able on request. 


CANNON ELECTRIC 
Since 1915. 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Rep- 
resentatives in principal cities. Address inquiries to Cannon Electric 
Company, Dept. H-105, P.O. Box 75, Lincoln Heights Station, Los 
Angeles 31, California. 


CANNON 
ELECTRIC 


ACCESSORIES 
for the “AN” Series 


CONDUIT COUPLING 
AN3056 
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ders. Inthe compilation of this bibliography, the 
author made use of previously published bibliog- 
raphies on powder metallurgy and combined with 
these his own collection of references, which was 
started in 1936 in the form of a cross index on 
cards arranged according to subjects, as well as 
authors and inventors. The present volume is 
undoubtedly the most comprehensive work of its 
kind ever published on the subject. It should 
prove of great help and utility to the research and 
technical worker, the industrialist and plant 
engineer, the inventor and patent attorney, the 
librarian, and the general student of the art. 


Thermodynamics of Alloys. Carl Wagner 
Translated by Svante Mellgren and J. H. West 
brook. Cambridge, Mass., Addison-Wesley 
Press, Inc., 1952. 161 pp., figs. $6.50. 

This is an enlarged and revised translation of 
the author’s treatise in Vol. 1, Part 2, of the 
Handbuch der Metallphysik (Berlin, 1940) 
Emphasis is laid on the principles, but many data 
for specific systems are presented to illustrate the 
application of general relations. The most im 
portant for alloys thus far investigated have been 
compiled in tables. The reader may readily ob 
tain complete information on a particular system 
with the aid of the alloy index and the bibliog 
raphy, which comprises 419 entries. 

Contents: Introduction to General and Ther 
modynamic Relations. Equations of State for 
Solutions with Substantially Disordered Atomic 
Distribution. Equations of State for Solutions 
with Substantially Ordered Atomic Distribution 
Relations Between Thermodynamic Functions and 
the Phase Diagram. Heats of Formation Free 
Energies, Activities, and Activity Coefficients 
Equilibria Between Liquid Alloys and Melts of 
Oxides, Silicates, Sulfides, Halides. Commonly 
Used Symbols. Bibliography. Subject Index 
Alloy Index. 


Elements of Ceramics. F.H. Norton. Cam 
bridge, Mass., Addison-Wesley Press, Inc., 1952 
246 pp., illus., diagrs., figs. $6.50. 

This book is designed to cover the principles 
underlying the various processes used in the 
ceramic field, with illustrations to make their 
application clear. The emphasis is placed on unit 
processes rather than products, with particular 
attention to crystal physics. The volume is in 
tended as an introductory college text, as a refer 
ence for research workers in ceramics, and as an 
aid for advanced ceramic craftsmen. The scope 
of the book includes whitewares, enamels, refrac 
tories, glass, cements, fired building materials, 
and abrasives. Pertinent references to publica 
tions in English are given at the end of each of the 
24 chapters. Tables, graphs, and process dia 
gtams are employed extensively. The appendix 
contains detailed design information on small 
kilns for laboratory use and tables of bodies, 
glazes, stains, colors, material weights, atomic 
weights and ionic radii, and temperature and 
thermocouple data. The combined name and 
subject index is followed by a table of symbols 
and units. FH. Norton is Professor of Ce 
ramics, M.1.T. 


Glass; A Handbook for Students and Techni- 
cians. Edited by J. Home Dickson. London, 
Hutchinson & Company (Publishers) Ltd.; New 
York, Chemical Publishing Company, Inc., 1951 
300 pp., illus., diagrs., figs. $6.00. 

This book on glass, which gives an overall 
picture of its structure, composition, manufac 
ture, and applications, was written by leading 
technologists in the industry, each a specialist 
in the subject of his contribution. The book is 
divided into three main parts. The first, General 
Principles, covers the nature, chemistry, and 
physical properties of glass and optical glass 
The second part, Manufacture, treats the prin 
ciples of glass manufacture, molded and blown 
glass, flat glass, and optical glass. Part 3, 
Applications, is concerned with chemical glass 
ware, safety glass, glass in building, fibrous glass, 
glass-to-metal seals, and colored glasses. Chap- 
ter references are made throughout as guides for 
further reading. There are a combined index and 
glossary of technical terms and an appendix on 
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the light transmission of colored and special glasses. 
Photographs and diagrams are used liberally, and 
24 tables have been reproduced in the text. 


SCIENCES, GENERAL 


MATHEMATICS 


‘Statistical Theory with Engineering Applica- 
tions. A. Hald. New York, John Wiley & Sons, 
Inc., 1952. 783 pp., figs. $9.00. 

The aim of this work, which is an expanded 
version of the author’s Danish textbook published 
in 1948, is to provide a fairly elementary mathe- 
matical treatment of statistical methods of im- 
portance to the engineer in his daily work. The 
choice of the statistical methods considered has 
been much influenced by the works of R. A. 
Fisher. The main stress has been laid on the 
normal distribution and tests of significance 
connected with this distribution. The problems 
of statistical quality control have been dealt with 
according to the point of view of W. A. Shewhart. 
Certain subjects (the theory of growth curves, 
time series, stochastic processes) have only been 
outlined to draw attention to the problems be- 
cause of their extent and the state of the statis- 
tical methods involved. 

Only a knowledge of standard differential and 
integral calculus is assumed necessary for proper 
understanding of the work. Every important 
theorem is illustrated with examples from actual 
work; most of these are drawn from the author’s 
industrial and engineering practice. Literature 
references are discussed toward the close of most 
chapters, and the author, Professor of Statistics, 
University of Copenhagen, has provided an index 
of author references, an index of symbols and 
formulas, and an index of subjects. 

Statistical Tables and Formulas. A. Hald. 
New York, John Wiley & Sons, Inc., 1952. 97 
pp. $2.50. 

This is a companion volume to Statistical Theory 
with Engineering Applications. A survey of the 
most important formulas given in the textbook 
is presented, and tables for use in connection with 
these formulas are given. Together with the 
formulas, references are given to the textbook 
where proofs and examples may be found. The 
principles used for tabulating the distribution are 
those of R. A. Fisher. The tables contain 21 
fractiles for the t-, x?-, and W-distributions, and 
17 for the v?-distribution, representing an exten 
sion of previously published tables. Linear inter- 
polation both with respect to probability level 
and number of degrees of freedom will be suffi- 
cient for most applications in practice. Also, 
distribution and power curves may easily be 
drawn from the tables, in particular when using 
probability or logarithmic probability paper. 
References are listed for each table. 

Theory of Matrices. Sam Perlis. Cambridge, 
Mass., Addison-Wesley Press, Inc., 1952. 237 
pp. $5.50. 

The main theme is the establishment of the 
well-known canonical forms. Following chapters 
on introductory concepts and vector spaces, the 
topics of rank, nonsingularity, and inverses are 
introduced in connection with the development of 
canonical matrices under the relation of equiv- 
alence and without the intervention of deter- 
minants. Congruence and Hermitian congruence 
are the next major topics. Polynomials over a 
field, matrices with polynomial elements, and 
similarity are then treated. The final chapters 
deal with characteristic roots and linear trans- 
formations. Numerous supplementary topics 
are treated in appendixes located at the ends of 
various chapters. 

The author, Associate Professor of Mathe- 
matics, Purdue University, has planned the book 
for mathematics majors taking a first course in 
the theory of matrices. In addition to proofs, 
discussions, and illustrative examples, there are 
numerous exercises, queries inserted in the text, 
and theorems to be proved by the student. A 
brief reading list is appended to the final chapter. 

Advanced Calculus. Wilfred Kaplan. Cam- 
bridge, Mass., Addison-Wesley Press, Inc., 1952. 
679 pp., figs. $8.50. 
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THE KOLLSMAN INSTRUMENT CORPORATION——designers, developers and 
manufacturers of precise, dependable instruments in the fields of: 
Aircraft Instruments and Controls * Miniature AC Motors 
for Indicating and Remote Control Applications * Optical 
Parts and Optical Devices * Radio Communications and 
Navigation Equipment 
While current facilities of our laboratories and plants are geared to pro- 
duction for National Defense, the planning divisions of Kollsman are 
ever active. And versatile Kollsman research engineers stand ready 
to assist America’s scientists in the solution of 
instrumentation and control problems. 


KOLLSMAN INSTRUMENT CORPORATION 


ELMHURST, NEW YORK GLENDALE, CALIFORNIA 
SUBSIDIARY OF 


Standard coiL PRODUCTS CO. INC. 
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The background assumed for this text and 
reference book is that furnished by freshman and 
sophomore courses in algebra, analytic geometry, 
and calculus. The introductory chapter provides 
a review of these subjects and serves as a refer- 
ence list of basic definitions and formulas. Inthe 
treatment of the subject matter, applications and 
physical motivation are emphasized. Vectors are 
introduced at the outset, and numerical methods 
of integration and of solving differential equations 
are given prominence. A large number of prob- 
lems. with answers, is distributed throughout the 
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A presentation of geometry in its visual, in- 
tuitive aspects. Throughout, the authors offer, 
instead of formulas, figures that may easily be 
supplemented by models that the reader can con- 
struct. By means of this visual presentation, one 
who does not wish to follow the details of the 
analytic arguments may still gain an insight into 
the manner and validity of the proofs. The vol- 
ume is a translation of the authors’ Anschauliche 
Geometrie, Berlin, 1932 


MECHANICS 


New York, Cambridge University Press, 1952 
104 pp., illus., diagrs., figs. $4.50. 

This monograph deals mainly with the work 
of the authors and their collaborators in their 
study of the decomposition by impact and by 
friction of explosive substances. The approach 
is a direct experimental one, and the work is still 
in progress so that the picture presented is neces- 
sarily incomplete and elementary. The experi 
mental work was carried out during the war years 
in the Tribophysics Division of the Australian 


text. The author is Associate Professor of Mathe- 
matics, University of Michigan. 


Contents: Introduction. Review of Algebra, 
Analytic Geometry and Calculus. Chapter 1, 
Vectors. Chapter 2, Differential Calculus of 
Functions of Several Variables. Chapter 3, 
Vector Differential Calculus. Chapter 4, In- 
tegral Calculus of Functions of Several Vari- 
ables. Chapter 5, \Vector Integral Calculus; 
Part I, Two-Dimensional Theory; Part II, 
Three-Dimensional Theory and Applications. 
Chapter 6, Infinite Series. Chapter 7, Fourier 
Series and Orthogonal Functions. Chapter 8, 
Ordinary Differential Equations. Chapter 9, 
Functions of a Complex Variable. Chapter 10, 
Partial Differential Equations. Index. 


443 pp., figs. $5.50 


Geometry and the Imagination. D. Hilbert 
and S. Cohn-Vossen. Translated by P. Nemenyi. 
New York, Chelsea Publishing Company, 1952. 
357 pp.., illus., figs. $5.00. 


PHYSICS 


and Solids. F. P. 


Analytical Mechanics 
B. Seely and Newton 
New York, John Wiley 


for Engineers. 
& Sons, Inc., 1952. 


Principal changes in this edition are the addi- 
tion of new problems and figures; the use of a 
general coplanar force system, rather than the 
simplest type of force system, to introduce and 
explain the graphic and 
determining the resultant 


algebraic methods of 


greater emphasis on distributed forces in deter- 
mining resultants of force systems; and the elimi- 
nation in Part 4 on Special Topics of the chapters 
on Governors and the Gyroscope and the transfer 
of some of the discussion of the gyroscope to the 
chapter on Impulse and Momentum. 


Initiation and Growth of Explosion in Liquids 
Bowden and A. D. Yoffee. 


C.S.LR. and, since 1946, in Cambridge, where the 
Fred authors are with the Research Laboratory on the 
Physics and Chemistry of Surfaces of the Depart- 
ment of Physical Chemistry. After a brief dis 
cussion of the formation of the explosion nucleus 
and the thermal theory of explosion, the initiation 
of explosion in liquids and solids by friction is con- 
sidered. The mechanism of initiation of explosion 
by impact is then discussed. Chapter 3 begins 
with liquid explosives, and Chapter 4 describes 
experiments on the initiation of explosion in 
solids by impact. Chapter 5 gives a brief account 
of the developments of some of the high-speed 
photographic methods and their application to 
the study of the way in which an explosion grows 
from the point of initiation and develops into a 
large-scale detonation. Throughout the mono 
graph, experimental apparatus are described 
and illustrated, and test results are shown in 
photographs, tables, and graphs. References to 
the work of others are made in the text, and a 
three-page list of references is included. 


Ensign. 4th Ed 


of a force system; 


Aeronautical Reviews 


(Concluded from page 102) 


Thermodynamics (18) 


The Theory of Flame Propagation and Detonation. III. 
C. F. Curtiss, J. P. Hirschfelder,and D. E. Campbell. Wisconsin 
University, Naval Research Laboratory, Department of Chemistry, 
Report No. CM-690, February 15, 1952. 98 pp., illus. 5 refer- 
ences. 

An Active Particle Diffusion Theory of Flame Quenching for 
Laminar Flames. Dorothy M. Simon and Frank E. Belles. 
U.S., N.A.C.A., Research Memorandum No. E51L18, March 4, 
1952. 24pp.,illus. 13 references. 

Flame Speeds of 2,2,4-Trimethylpentane-Oxygen-Nitrogen 
Mixtures. Gordon L. Dugger and Dorothy D. Graab. U.S., 
N.A.C.A., Technical Note No. 2680, April, 1952. 25 pp., illus. 
15 references. 


Water-Borne Aircraft (21) 


The Flyingboat and Its Place in Aviation. Frederick Bowhill. 
(10th Brancker Memorial Lecture, London, February 11, 1952.) 
Institute of Transport, Journal, Vol. 24, No. 9, March, 1952, pp. 
321-330. 

An evaluation of the advantages and limitations of the flying 
boat for transport, the effectiveness of present operations, and the 
problems of establishing marine and land bases; economic and 
administrative aspects. 

Martin M-270 Twin-Engined Flying Boat. American Aviation, 
Vol. 16, No. 1, June 9, 1952, pp. 26, 27, illus. 

Piaggio P-136 Twin-Engined Seaplane Trainer, Italy. James 
Hay Stevens. Aircraft Engineering, Vol. 24, No. 278, April, 
1952, pp. 107-111, illus. 

Seaplane Sports Quick-Change Hull. Aviation Week, Vol. 
56, No. 16, April 21, 1952, pp. 46, 47, illus. 

Flight- and water-tests of hulls with high length-to-beam ratio 
on the Petulant Porpoise that is a modification, by the Edo 
Corp., of a standard Grumman J4F-2 Widgeon. Hull bottoms 
can be mounted and dismounted easily for testing various hull 
configurations. 


Wind Tunnels & Research Facilities 


Triple Velocity Correlations in Isotropic Turbulence. R. W. 
Stewart. Cambridge Philosophical Society, Proceedings, Vol. 47, 
Part 1, January, 1951, pp. 146-157, illus. 11 references. 

Measurement of the triple velocity correlation, using an elec- 
tronic circuit based on Townsend’s triple correlation, of the 
turbulence produced by the insertion of a square-mesh grid at the 
beginning of the wind-tunnel working section over a range of 
Reynolds Numbers covering most of the initial period of the 
decay of turbulence. 

Wind-Tunnel Corrections at High Subsonic Speeds, Partic- 
ularly for an Enclosed Circular Tunnel. B. Gothert. (D.V.L., 
Forschungsbericht, No. 1216, May, 1940.) U.S., N.A.C.A., 
Technical Memorandum No. 1300, February, 1952. 43 pp., 
illus. 10 references. 

Diffuser Efficiency of Free-Jet Supersonic Wind Tunnels at 
Variable Test Chamber Pressure. Rudolf Hermann. Journal 
of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 375- 
384, illus. 2 references. 

Development of an exact solution for the one-dimensional non- 
viscous, steady flow in the diffuser of a free-jet supersonic wind 
tunnel when the test chamber pressure is different from the 
nozzle exit pressure; explanation of the exact mechanism of test- 
chamber pressure control by means of the adjustable diffuser. 

Readers’ Forum: Effect of Wind-Tunnel Nozzle on Steady- 
Flow Nonuniformities. H.S. Ribner and M. Tucker. Journal 
of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 426, 
427, illus. 3 references. 

A High-Speed Schlieren Technique for Investigation of Aero- 
dynamic Transients. Walter S. Bradfield and Walter Y. Fish. 
Journal of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, 
pp. 418-420, 432, illus. 3 references. 

Development of a high-speed schlieren technique for studying 
wind-tunnel starting transients and their effect on the initiation 
of flow in a ‘“‘choking”’ supersonic diffuser. 

Free-Flight Air-Drag Measurement Techniques. A. B. J. 
Clark and F. T. Harris. Appendix. R.E. Roberson. Journal 
of the Aeronautical Sciences, Vol. 19, No. 6, June, 1952, pp. 385- 
390, illus. 1 reference. 
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Guided missiles send their “report cards” home in the form of complex radio 
signals which are received and recorded permanently at the ground station. 
These records inform the missile engineer if his foster-child flunked its final 
exams or passed at the head of its class. Bendix-Pacific airborne telemetering 
systems and ground-based receiving stations have been transmitting and re- 
cording accurate “report cards” for guided missiles continuously since the 
kindergarten era of pilotless flight. 

The great number of Bendix-Pacific electronic components used in present- 
day guided missiles and aircraft attest to this company’s leadership in the field 
of airborne electronics. Bendix-Pacific standard telemetering assemblies, radar 
equipment, radio-control systems and electronic servo components are recognized 
for their advanced design, ultra-compactness and reliability. 

Your company, too, can profit from the years of diversified experience built 
into every piece of electronic equipment bearing the Bendix-Pacific nameplate. 
You are invited to write for a free copy of the booklet illustrating Bendix-Pacific 
electronic developments.’ 


Pacific Division 


WORTH MOLLY WOOD, CALIF 
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You'll find classmates—and a future—at Boeing! 


Men from more than 120 top engi- 
necring schools are building rewarding 
careers at Boeing. So chances are, you'd 
be working with some of your class- 
mates here. And you'd be a member 
of an Engineering Division that has 
earned world-wide renown for its trail- 
blazing contributions to both military 
and civil aviation. 


If that’s the kind of engineering 
prestige you’d like to enjoy, look into 
Boeing opportunities. This company 
has been growing steadily for 35 years. 
It provides the finest research facilities 
in the industry. It offers you work on 
such exciting projects as guided mis- 
siles and the fastest known’bomber in 


the world: the B-47 six-jet medium 
bomber, as well as the still-classified 
B-52 eight-jet heavy bomber. 

There are opportunities at Boeing 
for experienced and junior engineers in 
all fields, for aircraft 

DESIGN e RESEARCH 
DEVELOPMENT PRODUCTION 
e TOOLING 
also for servo-mechanism and elec- 
tronics designers and analysts, and for 
physicists and mathematicians with 
advanced degrees. 

You can work in Seattle, in the 
Pacific Northwest, or in Wichita, Kan- 
sas. Boeing provides a generous mov- 
ing and travel allowance, gives you 


special training, and pays a good salary 
that grows with you. 
You'll be proud to say, “I’m a Boeing 
engineer!” 
Write today to the address below, or use 
the convenient coupon. 


JOHN C. SANDERS, statt Engineer— Personne! 
Dept.“WW-8 
Boetng Airplane Company, Seattle 14, Wash. 


Engineering ppportunities at Boeing inter- 
est me. Pleasé send-me,further information. 
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Personnel Opportunities 


This section is for the use of individual members of the Institute seeking new connections and 
& organizations offering employment to Aeronautical specialists. Any member or organiza- 
tion may have requirements listed without charge by writing to the Secretary of the Institute. 


Wanted Department, Naval Air Material Center, Naval Aeronautical Engineers—Several permanen 

Base, Philadelphia 12, Pa. Applications may be positions available as wind-tunnel project engi- 

Machine Design Engineers—-With experience obtained from the Industrial Relations Depart- neer for qualified personnel. Positions require a 
or training in the design of high-speed turbo- ment, Naval Air Material Center, or any first- or sound basic knowledge of general and wind-tunnel 
machinery or aircraft or automotive power-plant second-class Post Office or from any Civil Service aerodynamics and involve test preparations, test 
design Thermodynamicists—Engineering de- Regional Office. supervision, data reduction and analysis, and re- 


gree with theoretical background in fluid mechan- 
ics, heat transfer, and thermodynamics. Aero- 
nautical experience desirable, but not manda- 
tory. Specification Engineer—Experience in 
writing equipment specifications covering complex 


machinery required. Air-frame company ex- 
perience most desirable. Test Engineers—For 
testing of high-speed turbomachinery, electrical 
devices, and servomechanisms. Mechanical engi- 
neering degree or equivalent required. Technical 
Writers—-Must be experienced in the writing of 
technical reports or manuals. Aeronautical ex- 


perience helpful but not required. The above ore mete. 
positions are currently available at our Los Ange _— 

les, Calif., plant. Applicants should contact D =>: 


Mr. L. S. King, AiResearch Manufacturing Com- 
pany, 9851 South Sepulveda, Los Angeles 45, 


Calif. Include a comprehensive résumé with each é 
inquiry 


Mechanical Engineer—For technical admin 
istrative position in responsible charge of research 
design and development section rapidly growing 
progressive organization. Opportunities to apply 
one’s own initiative and to originate personal ideas 
almost unlimited. Five to 15 years of versatile 
experience in broad design fields required. Salary 
commensurate with qualifications. Location 
Southwest. Write C. D. Pengelley, P.O. Box 


2296, San Antonio, Tex. fo t h 


Translators—Technical and scientific, part 2 h 
time. Must type. State subjects, languages, rig t 
experience, and fees. Berlitz Translation Serv- 
ice, 630 Fifth Avenue, New York 20, N. Y. d eS] n & 
Professors—The Hebrew Institute of Tech- 4 
nology, Haifa, Israel, proposes to appoint two 
professors of aeronautical engineering, one with resea rc h 
special qualifications in airplane structures and 
dynamics. Applicants should have first-rate 


Experience 


requirements... 


¢ Mechanical design and layout 
of axial flow turbines, 


professional and academic qualifications, be will- e n O| Nn e er compressors and fans. 
ing to integrate themselves into the life of the © 

country, and, in due course, to teach in Hebrew. 

Applications with full details should be sent, for , th & Familiarity with fluid 
transmission to Haifa, to The American Technion | n e 


Society, 80 Fifth Avenue, New York 11, N.Y. 


Those accepted will be working with Dr. Sidney fi | 
Goldstein. | e O 


Engineers, Technologists, Physicists, Physi- . 
ologists, Metallurgists—The Naval Air Material axl al flow 
Center located in the U.S. Naval Base at the ex- | 
treme south end of Broad Street in Philadelphia, 
Pa., has vacancies in the above positions for quali- t U i bo 
fied eligibles. These vacancies are at grade GS-5 
to GS-12 level with salary ranging from $3,410 . 
to $7,040 per annum. The Naval Air Material mM ac h | Nn ery 
Center (the air center is divided into three major 
branches—the Naval Aircraft Factory, the Naval 
Air Experimental Station, and the Naval Auxil- 
iary Air Station) is engaged in research (applied), 
development, manufacture, modification, test 


AiR : 
evaluation, and overhaul of aircraft, aircraft com- a es ee re | 45 ct r 


ponents and aeronautical materials, including 


launching and arresting devices. At this activity, 9851 Sepulveda, Los Angeles 45, Calif. - ORegon 8-2221 


we have the job of finding the answers to a never 
ending series of problems that involve the whole Positions open in Los Angeles and Phoenix, Arizona 
field of aeronautical sciences. Interested persons 
should file an Application for Federal Employment 
Standard Form 57, with the Industrial Relations 


dynamic flow principles 
as applied to design. 


© Knowledge of experimental 
testing of turbo machinery. 


| | | 
| 
| | 
| | 
| 
| | | 
| | 
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| Apply, write OF telephone phil Carr | 
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AERONAUTICAL ENGINEERING REVIEW— 


THE MOST AMAZING ADVANCE 


IN TEST CELL SILENCING 


For full details, write ISC TODAY. 
ontrol Inc. 
45 Granby Street, Hartford 12, Conn. 


/Developed by BLEN Corporation 
Engineered, Manufactured and Installed by ISC 


Developed to meet the problem of ever- 
increasing aircraft engine noise, ‘““Sound- 
stream” is a new approach to test cell 
silencing. Radically new in design, revolu- 
tionary in performance, “Soundstream” 
installations offer more noise reduction 
for less total cost. 


In test cells treated with ““Soundstream”’ 
the mightiest jets and reciprocating en- 
gines can be made “whisper quiet” during 
testing. With a single installation you can obtain maximum 
noise reduction over an exceptionally wide frequency band 
with minimum pressure drop. 


“Soundstream” is readily adaptable to meet your test cell 
requirements. ISC engineers will be happy to show you how 
“Soundstream” can fit your needs. 


2119 SO. SEPULVEDA BLVD., LOS ANGELES, CALIF. 
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port writing. Openings for those with bachelor 
or advanced degrees in aeronautical engineering 
Wind-tunnel experience desirable but not re 
quired. Salary commensurate with background 
and experience. Travel allowance to Pasadena 
for those accepted. Large, progressive, transonic 
wind tunnel managed by CalTech Part-time 
graduate study available for those who can qualify 
academically Address replies, including 

fications, to: Chief, Data Analysis Department 
Southern California Cooperative Wind Tunnel 
950 South Raymond Avenue, Pasadena 2, Calif 


Mechanical Engineers—-Army Ordnance 


sn—engineering ability to make original layouts 


and calculations required in the design of aircraft 


and yground-type rocket and missile launcher 


urcraft and ground-type artillery and small ar 

weapons, and the mechanisms and control unit 
involved uch as hydraulic and electrical power 
ystem tructural elements, linkace cams, ear 
trains, ete. GS-11, $5,940 per annum bache 

degree plus 3 years’ experience GS-9, 39,060 per 
annum, degree plus 2 years’ experience GS-7 


$4,205 per annum, degree plus | 5 


GS-5, $3,410 per annum, degree only Lackin 
degree, combination of education and experience 
permitted Applicants should submit Standard 
Form 57, application for Federal employment 
available at any Post Office), t« Personnel 
Division, Rock Island Arsenal Rock Island, | 
Mechanical Engineer Mathematician — ‘To 
conduct experiments and make calculations on 
the distribution of stresses and strains in plastic 


tructures and adhesive bonds for naval weapons 
and on the mechanics and statistical behavior of 
nonmetallic materials under transient, alternat 
ing, and static loads. Opportunities exist for 
publications and for advanced study at neighbor 
ing universities on a part-time basis Salary 
commensurate with training and experience 
Applicants should submit Standard Form 57, ap 
plication for Federal employment (available at 
any Post Office), to: Personnel Division, Naval 
Ordnance Laboratory, White Oak, Md 


Aeronautical Engineers --Cornell Aeronautical 
Laboratory, Inc , an affiliate of Cornell Univer 
sity, has open positions in varying fields of the 
aeronautical sciences in junior, associate, and 
senior categories. Men with experience and in 
terest in high-speed aerodynamics, aircraft 
structures, aeroelasticity, dynamic analysis 
control and stability, flight research, and wine 
tunnel testing are needed. There are also several 


open positions in the field of operations and sys 
tems analysis. Our salary structure is the same 
as that found in industry. For further informa 
tion, please write, referring to this notice, to 
P.O. Box 235, Buffalo 21, N. Y. 


408. Senior Electronic Research Engineer 
Ph.D. in E.E. (Electronics) to develop and apply 
advanced techniques and theory to the design 
and analysis of electronic systems such as radar 
infrared homers, and analog computers. Prefer 
l or more years’ experience in the field of infrared 
spectrometry, microwaves, electron tube circuitry 
or photoelectric devices. Salary commensurate 
with experience. Location Midwest 

407. Senior Missiles Dynamics Research 
Engineer—Ph.D. in M.E., Physics, or Applied 
Mechanics to develop and exploit advanced tech 
niques for use in the dynamic analysis, synthesis 
and test of complete guided missiles. Desired 
additional qualifications should include 1 to 4 


The number preceding the notices 
represents the Box Number of the In- 
stitute of the Aeronautical Sciences to 


which inquiries should be addressed. 
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\eroquip 


LIGHTWEIGHT 


FULL RANGE 
OF SIZES 


COMPACT 
ETOUCHED) 
AN SWIVEL NUT AEROQUIP UNIFORM FULL 
AND QUALITY WALL FLOW 
FLANGE TYPES THROUGHOUT THICKNESS 


i 


AEROQUIP CORPORATION 


JACKSON, MICHIGAN 
SALES OFFICES: BURBANK, CALIF. DAYTON, OHIO HAGERSTOWN, MD. HIGH POINT, N.C. MIAMI SPRINGS, FLA, 
MINNEAPOLIS, MINN. © PORTLAND, ORE. * WICHITA,KAN. * TORONTO, CANADA 
AEROQUIP PRODUCTS ARE FULLY PROTECTED BY PATENTS IN U.S.A. AND ABROAD 


achelor 
leering 
lot re. J 
gr nd 
( BEG. TRADE MARK : 
| | 
: 
‘ 
i 
| | 
| | 
earch 
»plied 
tech 
hesis | 
irec 
to 4 | 
| 
| 
| ee | 


116 AERONAUTICAL 


ENGINEERS 


A better job, a better life, a better future can be 
yours in California—at Lockheed Aircraft Corpora- 
tion. 

On the job, you enjoy increased pay; fine, mod- 
ern working conditions; association with top men 
in your profession—men who have helped build 
Lockheed’s reputation for leadership. 

Off the job, you live in a climate beyond com- 
pare—where outdoor living can be enjoyed the 
year around. 

In addition, Lockheed’s production rate and 
backlog of orders—for commercial as well as mili- 
tary aircraft—insures your future. 


POSITIONS NOW OPEN INCLUDE: 
Aerodynamicists 
Aerodynamics Engineers 
Airplane Specifications Engineers 
Design Engineers Drawing Checkers 
Engineering Technical Writers 
Flight Manuals Engineers 
Machine and Equipment Design Engineers 
Manufacturing Engineers 
Production Design Engineers 
Stress Engineers and Analysts 
Tool Standards Engineers 
Weight Engineers 
Recent Engineering Graduates 


NOTE TO ENGINEERS WITH FAMILIES: 


Housing conditions are excellent in the Los Angeles 
area. More than 40,000 rental units are available. 
Thousands of homes have been built since the 
war; huge tracts are under construction now. You 
will find the school system as good — from kinder- | 
garten to college. | 


Send today for free, illustrated brochure describ- 
ing life and work at Lockheed in Southern Califor- | 
nia. Use handy coupon below. 


| 
| 


| 
| 
Mr. M. V. Mattson, Empl. Mgr., Dept. AER-8 | 

| 


LOCKHEED. 


A@JRCRAFT CORPORATION, Burbank, Calif. 
| 

bests: Please send me your brochure de- | 

scribing>|ife and work at Lockheed. 
“A, 


My name< 5 


¢, 


My address 


My city and state J "A 


My occupation (type of engineer) “o@ 


ENGINEERING 


‘Phillips 


SCIENTISTS 
ENGINEERS... 


responsible positions now 
open in technical develop- 


ment and production of 


SOLID PROPELLANTS 
AND ROCKET UNITS 


Opportunity for those 
with experience in chem- 
istry, quality control, 
processing or unit design 
of solid propellant manu- 
facture. 


LONG RANGE 
PROGRAM 


Submit complete resume 
of your education and 
past experience. All re- 
plies held strictly confi- 


dential. 


Industrial Relations 
Manager Research and 
Development  Depart- 


ment 


PHILLIPS 


PETROLEUM COMPANY 
BARTLESVILLE, OKLAHOMA 
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AERONAUTICAL 
ENGINEERS 


are being interviewed by 


UNITED AIR LINES 
Graduate engineers are being | 
considered for jobs at the world’s | 
finest aircraft maintenance base. ~ 
located in San Francisco. Airline 
engineering work includes air- | 
craft performance, operating pro- 
| cedures, maintenance engineering | 
and development. 


United will provide transporta- 7 
| tion from the point on its system | 
nearest the city of hire to San | 
Francisco. United’s employee ben- | 
| efits include paid vacations, sick © 
leave, travel privileges, insurance 
program, retirement plan. Please 
reply with full resume to: 

Mr. R. E. Peterson 

District Personnel Manager 7 
United Air Lines, P.O. Box 3,000 © 
South San Francisco, California | 
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PERSONNEL 


years’ experience in the field of automatic con- 
trols, flutter and vibration, aerodynamics, struc- 
tures, hydraulics, or electronics. Salary com- 
mensurate with experience. Location Midwest. 


406. Senior Missiles Aerodynamics Research 
Engineer—Ph.D. in A.E. to perform and/or 
supervise guided missile aerodynamics work con- 
cerned with development of improvements in de- 
sign and in analytical and/or test techniques. 
Desirable additional qualifications should include 
experience in missile or aircraft aerodynamics, 
preferably in supersonic aerodynamics, or in re- 
lated thermodynamic or fluid mechanics work. 
Salary commensurate with experience. Loca- 
tion Midwest 


405. Senior Missiles Propulsion Research 
Engineer—Ph.D. in A.E., M.E., Physics, or 
Ch.E. with thesis in fields of propulsion or com- 
bustion. Will perform and/or supervise guided 
missile aerodynamics work concerned with de- 
velopment in design and in analytical and/or 
test techniques. Desirable qualifi- 
cations should include 1 to 4 years’ experience 
in missile or aircraft propulsion, or in combustion 
work, or in related thermodynamic, fluid me- 
chanics, or aerodynamics work. 


additional 


Salary commen- 


surate with experience. Location Midwest. 


401. Engineering Pilot—-Permanent position 
involving piloting duties on various aircraft con- 
cerned with a missile research and development 
program, Engineering development flight-test 
experience and bachelor degree in aeronautical or 
electrical engineering, physics, or mathematics 
required. Must have at least a commercial pilot 
license with instrument rating and must have 
four-engine, fighter, and jet experience. 


397. Engineers—Established manufacturing 
concern now staffing new engineering depart- 
ment for development programs in propulsion 
and rotating machinery field. Experience in 
turbojet, ram-jet, and rocket design and develop- 
ment desirable (all phases). Permanent posi- 
tions at attractive salaries for those who qualify. 
Bonus plan. San Fernando Valley (Los Angeles 
area) location. Give complete education, pro- 
fessional experience, professional responsibility, 
and salary history in first communication. 


Available 


409. Plant Manager—Twenty years’ aircraft 


and allied experience. Last position 7 years’ 
full-control manufacturing of large instrument 
company. East Coast preferred. Offer with 


salary in first letter appreciated. 


402. Aeronautical Engineer—Nine years’ 
engineering experience in aeronautical field. For- 
merly with U. S. major air line as modification 
and service engineer handling aircraft structures 
and fluid systems. Also had experience as field 
service engineer with leading heavy aircraft 
manufacturer. Most recently connected with 
manufacturer of supersonic aircraft and guided 
missiles with design experience on rocket-engine 
installation structures and servomechanisms. 


400. Civil Engineer—B.S. in C.E., 1942. 
Age 31. Private pilot’s license. Experience: 
Aircraft stress analysis 2'/2 years; engineering 


instruction 2 years; field engineering and con- 
struction 21/2 years to date. Desires work in 
foreign construction. Must be able to travel with 
wife. Available in August 


395. Aeronautical Research and Development 
Engineer—B.Ae., M.S. in Ae.E. Excellent theo- 
retical background. Almost 7 years’ experience 
in dynamics, aeroelastics, stability and control 
Pres- 
ently employed in helicopter aeroelastics. De- 
sires responsible position in research and develop- 
ment. Specify nature of position in first letter 


of fixed- and rotary-wing aircraft, missiles. 


OPPORTUNITIES 
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Young Men of Vision 


@ Their business is precision! At 
Indiana Gear, success or failure is 
based on vision . . . today’s gear prob- 
lems were solved yesterday and to- 


morrow’s “tough cogs” are on the 


INDIANA GEAR 


boards today. Master craftsmen, fine 
equipment, skilled sub-contractors 
and “young men of vision” keep 
Indiana Gear at the top of this highly 


competitive business. 


INDIANA GEAR WORKS ec INDIANAPOLIS 7, INDIANA 
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Here is 
North American’s' 
‘Challenge 
To You 


Frankly, working at North American 
requires hard thinking and plenty of 
vision. Because North American always 
works in the future. Yet, if you are 
interested in advanced thinking, if you’d 
like to work on the planes that will 
make tomorrow’s aviation history, you'll 
like working at North American. North 
American offers these extra benefits, too. 


North American Extras— 
Salaries commensurate with ability and 
experience e Paid vacations e A grow- 
ing organization e Complete employee 
service program e Cost of living bo- 
nuses e Six paid holidays a year e Fin- 
est facilities and equipment e Excellent 
opportunities for advancement e Group 
insurance including family plan ¢ Sick 
leave time off ¢ Transportation and 
moving allowances ¢ Employees Credit 
Union ¢ Educational refund program 
e Low-cost group health (including 
family) and accident and life insurance 
e A company 24 years young. 


Write Today 


Please write us for complete informa- 
tion on career opportunities at North 
American. Include a summary of your 
education, background and experience. 


CHECK THESE OPPORTUNITIES 
at North American 


Aerodynamicists 
Stress Engineers 
Aircraft Designers and Draftsmen 


, Specialists in all fields of 
aircraft engineering 


Recent engineering graduates 


Engineers with skills adaptable to 
aircraft engineering 


NORTH AMERICAN 
AVIATION, INC. 


Dept. 1, Engineering Personnel Office 
Los Angeles International Airport 
Los Angeles 45, Calif.; Columbus 16, Ohio 


North American Has Built More Airplanes 
Than Any Other Company In The World 
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AERONAUTICAL 
RESEARCH 
POSITIONS OPEN 


Cornell Aeronautical Labora- 
tory, Inc., has several profession- 
ally challenging and rewarding 
positions open in the field of 
Aeronautical Engineering. 


The laboratory was acquired 
in January, 1946, by Cornell Uni- 
versity in response to a wide- 
spread need for a stable, highly 
competent research organization 
in the aeronautical — sciences. 
Since its incorporation the labora- 
tory has grown steadily to a 
multi-million dollar annual con- 
tract level with a staff of over 800. 


The laboratory’s projects deal 
largely in the applied sciences. 
Typical projects include the oper- 
ation of our 8!/2’ & 12’ Variable 
Density Wind Tunnel, supersonic 
tunnel testing, aeroelasticity, auto- 
matic stability and control, struc- 
tural analysis, and flight research. 


Professional growth of all staff 
members is encouraged through 
regular seminars, attendance at 
meetings of scientific societies, a 
graduate study tuition refund 
program, and constant  inter- 
change of ideas and discussions 
with senior level scientists. Salary 
level and employee benefit pro- 
grams are on a par with industry. 
While the pace of pre jects is high, 
the informal organization of the 
laboratory tends more toward a 
friendly, thought-stimulating, 
academic atmosphere. Practical 
scientists and engineers work 
closely together in making im- 
portant contributions to America’s 
scientific progress. 


A booklet describing the activi- 
ties and interests of the labora- 
tory has recently been made 
available for distribution. If you 
would like: to learn more about 
this unique organization or its 
personnel needs, please feel free 
towrite. No obligation, of course. 


CORNELL AERONAUTICAL 
LABORATORY, INC. 
P. O. Box 235 
Buffalo 21, New York 


AUGUS 


Auatlalde ! 
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See Page 127 
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